UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D.C. 20460

OFFICE OF CHEMICAL SAFETY ARD
POLLUTION PREVENTION

MEMORANDUM
Date: April 17, 2013
Subject: Dicamba. New Use of Dicamba on Dicamba-Tolerant Soybean. Petition for
Establishment of New Tolerances for Soybean Forage and Soybean Hay. Residue
Chemistry Summary.
PC Code: 128931 3P Barcode: D384422
Drecision No.r 432752 Registration No.: 524-582
Petition No.: 0F7723 Regulatory Action: Section 3-Registration
Risk Assessment Type: N/A Case No.: 0065
TXR No.: WA CAE Mo 1918069
MRID No.: See Below 40 CFR: 180.227
From: Alaa Kamel, Ph.D., Chemist NS
RAB VII
Health Effects Division (HED; 7509
N
Through: Michael Metzger, Chief
Donnz Davis, Senior h@ﬁmﬁﬁ
RAB VI
Health Effects Division (7569?}
To: Kathryn Montague, Risk Manager
Michael Walsh, Risk Management Reviewer
Herbicide Branch
Registration Division (7505P)
Spmmary of Submitted Residue Chemistry Studies
QCSPp MRID Monograph | Title Primary | Sccondary
860 Series | Number Annex B Review | Review
Guideline Reference
8601340 | 47899301 [B.S2 Method for the Determination of Dicamba and Its US EPA | PMRA
Major Metabolites in Soy Matrices by LO/MS/MS,
860.1300 | 47899523 1B Metabolism of Dicamba in Dicamba-Tolerant US EPA | PMRA
Soybeans,
8601500 47899524 |B.7S6 Magnitude of Besidues of Dicamba in Soybean Raw  [PMRA (US EPA
850.1380 B3 Agricultoral and Processed Commodities after US EPA | PMEBA
Application to MON 87708

Page 1 of 28

ED_005172C_00001759-00001



Dicambs Summary of Redidue Chemistry Data Barcode [384422

Table of Contenis

B - P E &P . ’1
1.0 EXSOUTIVE BUITIIEIY covriiaeren st bmnnseberss sxie s s a ke h0535 x4 04038538440 403058m x4 d03 505 cdbbssssbussicassssssss F

2.0 Regulatory RecommendaliOnS o irmmiimamecssimansssssonmmmss ot st ssansnmsssasssrersnnses

LA LA

2.1 Data Defoiencies/TIae OB o cevtres i ccesssmrncesesssosnnesessss smmmesomrancesen R

s

2.2 T oleranoe omB RTRIIONE .ttt iivsrsnssssssss s amssssssos sanessssmasansedesennrness s s ainnstendnsan s seies nnees

'3

L4

Enforcement Analyical Methot ..o imccossmssssssmrmnsnssesenismascsss

[
?‘a} én_é %&5

21
2.2 Eecommended ToleriiCes o iiosircossaninsacens e racerees ereeoeeen N e nsemeen rrraeneacns H
2.3

Iy

Revigions 10 Petitioncd-For ToloraiOeg o riiisr i ccorssmmmmsescesnssmmeesessnnreseesosnmmmmmcees &

£
bt
N

International Harmonization............ reressseenenarrssesteanssas reterreseereasseenasaeansasnetecaranssrse 6
B0 INTEOTUCIION ettt iaiin s vt assnes s esasssev s aarassns sasansssss dnssasbebs trsaasSeers nransn wrases srnssasnansrsnrranssessrns 1
3.1 Chemieal IAONTLY (o cnciisni e cis e cssses s cesarrasvasesansascmssirncsessasnsssdsissonaninnrs 1
3.2 Physical/Chemical CharacteriSHOR o miremccoorerimmesoorensanssosinins covvarrinnnios vreenhinss 8
33 Pesticide Use Pattern/Directions Tor Use (86012000 vt scsinvnveneiinns 8
4.0 Metsbolite/Degradate Restdue Profle v cccrmmmmcsemmmmmavemmmcaonmcson erean s s aass g
4.1 Nature ol the REBIAUO v v cioreeriniccooramnscbreranisssoransnsissosaronssssansiasiovasernensssvsurasonsians 3
4.1.1  Summary of Plant Metabolism (88300 ccrcvvmnmccvmriccrsevaeerinsosssvvenenines 9
4.1.3  Suommary of Confined Rotational Crops (B8UIBSOY v cvrcsinns 30
414 Summary of Metabolites and Degradates .. ocommmmirmeanmssicionn 10

4.2 Comparison of Metabolic Pahways .o ssmsesrcessssssmmssesscsoss L0
43 Residues of Concern Summary and Rationale i om0
5.0 Residue Profile oo eedsiusiesesdsnsiderasnins insensss rissabsbrnnnsnisnsestiniadisere 41
5.1 Residue Analytical Methods (860,340 vccvrricniveniens srsseeietesteetenrssunessisrornnnrieosis b1
311 DataCollection Methods ..o e st cersvureiersssastassyarsestsonnrsaerisisons b1
512 Multi-Residue Methods (B60.13680) .o cimmiiresmcresiorsmeseone 43
303 Tolerance Enforcement Methods .o ronmsccssossromsssssrecs b3
514 Submittal of Anabytical Reference Standards (86016307 vvviiveciiicriveresinnne. 18
Storage Stability (860LI3B0) v imicoimcnmincccrssnccrernssesesersassaresasasassssseesssssmnees Lo
Restue DI oo innecesssancssassosansssnsssammssssesasssssssssersssssssscenssnssossmsssncnecocosonsnmcs b8
1 Crop Field Trials (860, E‘S{}i}} AR oA R0 0A 8RN A R € enna < smann < esmnrnninssesunnrnnciss LU
Field Rotational Crops (860, 3.*3{}{}'} eemar s n o easn << bk ssann s sostrrnn s ssnevarrnnsres | EF
Processed Food and Feed (86018207 .o coorenssssnersresscsvavaserssssns
Meat, Milk, Poultry and Eggs {3{3&243%}} OO POREORAE AP TUUTCTONTRIPEVRS & .
Food Handling (860.1460% ..o, Cerverrtessss st etsssrnaneassisaneasarisnseanacrssaesre L9

Water, Fish, and Irrigated Crops (860.1400) oo v inncescnns 19

4 L
3 -

L&
tap

p¥ )

L
Lod  Rad
Yk

fo2

17

¥

£
L

L5
fad
O T <

5.4
Lad
o)

Page 2 of 28

ED_005172C_00001759-00002



Dicamby Suminary of Residoe Chemistry Diata Barcode D384422

54 Food Residue Profilevn. AR AR ARS8 n8 a5 rerarserer anaras s ansassen 19
6.0 Tolerance DEIIVEHON i sccsisses st bensstssitousssissessmmmorssossssscssssessrsssossrnics 49
%pg}mdm A, Bummary of Characterization and Identification of Radicactive Residues

i DHeambe-Tolerant BOVDEBIL .. mommcorosmrcccsommmcosonneesessnnxeessornmssesasaissese ronnneeser 20
Appendix B, Summary of Chemical i&ames ems:i ‘%tmgtimﬁ of i}u amba and its
Metabolites. e SO VUSROS U TTURRURRPVURIUU TP
Appendix C, Mumbvﬁm i‘dthwa‘?k .......................... corsere st s e ronsbTerinshinresenssireban crerecnenns 23
Appendix IV, Summary of Metabolites and ﬁey&d&zw of Dicamba on Dicamba Tolerant

I EICHN 0 reccnsmvressunsssiveecosansaeesaconsssseccensns AR s e eosnRan £C00r02 IHAECEON0R R L L0032 AR S £b0D R £ S €000 Ak w00 n T
Appendix E, }*mld Izsai f;mcw“rapim, i}mmbmmn R PO rrecanee 1'3;
Appendix F, International Residue Limits Table..... oo rrrenee . 26
Appendix G, OBECD MRL Calculation Procedure Inputs/ {)uigauta, Cverraa et e ars s 27

Page 3 0f 28

ED_005172C_00001759-00003



Dicamba Sunwnary of Residue Chemistyy Daty Barcode DNE4422

1.8 Executive Summary

Monsanto has submitted petition PP# 0F7723 requesting Section 3 registration for the use of
dicamba on dicamba-tolerant sovhean, Monsanto is also requesting to establish new tolerances
for dicamba tolerant soyvhean forage at 45 ppm and for dicamba tolerant soybean hay at 70 ppm.
The proposed application is for pre- and post-emergence uses of dicamba on dicamba-tolerant
soybearns.

Dicamba (benzoic acid, 3.o-dichloro-2-methoxy-, aka 3.6-dichloro-o-anisic acid) is a selective
systemie herbicide belonging to the benzoic acid chemical family and is currently registerad for
use on soybeans as pre-plant applications and not as post emergence applications because crop
injury could ocour i1 were to come in contact with rootsg, stems, or foliage. Dicamba is
availahle for use in either acid or salt forms with registered uses being maintained on a wide
variety of crop and livestock commodities., Permanent tolerances are established under 40 CFR
$180.22%ax 1) for dicamba and #1s 3 6-dichloro-3-hydroxvbenzoic acid {5-hydroxydicamba)}
metabolite. Additional tolerances are established under 40 CFR §180.237aX2) for dicamba and
its 3. 6-dichloro-2-hyvdroxybenzoice acid {aka 3,6-diclorosalicyelic acid or DOSA) metabolite, as
well ay under 40 CFR §180.227(2)(3) for dicamba, S-hvdroxydicamba, and the DCSA
metabolite.

Monsanto subritted a metabolism study which shows that dicamba applied to dicamba-tolerant
soyhean is converted (o the metabolite 3, 6-dichlorosalicvlic acid (DCRA) and 15 glveosidie
conjugates, which are the main metabolites formed. As an alternative less favorable pathway,
DUBA is hydroxylated at the S-position, to form 2,5-dichloro-3 6~-dihydroxybenzoie acid
(DCGAY and its glyeosidic conjugates, which are found in amounts less than 10% of the total
radioactive residue {TRR). The dicamba metabolite S-hydroxydicamba was not identified in the
TRE.

The nature of residues for dicamba-tolerant sovbean is uopderstood.  The residues of concern
(ROCY for monitoring the tolerance under 40 CFR §180.227(a)(3) includes parent dicamba, and
the metabolites 5-hydroxvdicamba, and IDUSA. Data from the newly submitted metabolism and
field trigl studies support including residues of DCGA 0 the ROC in the risk assessment of
dicamba.

The nature of dicamba residues in animals and in rotational crops were previously determined
based on acceptable studies. The establishment of a tolerance on soybean forage and hay will
not increase livestock dietary burden; thereforg, no new revised tolerances on livestock
commodities are required 1o support this petition.

Field residue mrials were conducted to quantify the residues of dicamba and its metabolites infon
dicamba tolerant sovbeans, The trials comply with OCSPP Harmonized Test Guideline
860.1500 both in terms of number and geographic representation (Appendix E). A dicamba
formulation using the monoethanolamine salt (MON 11955) was applied once pre-emergence (1
b ae/A), and twice post emergence {sach at 0.5 1b ae/A}. Sovbean RACs were harvested and
maintained frozen until analysis. Residues were analyzed by 8 validated analvtical method and
are supported by adequate storage stability data. DUSA was the major residue found in soybean
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commaodities and its amount ranged from 8.92 ppm to 51.3 ppm in forage, from 12.2 ppm to 61.1
ppm in hay and from 0.010 ppm to 0.440 ppm in seed.

Based on the Agency’s previous recommendation to provide supplemental label information to
include a plant back interval of 120 day for rotational crops, the registrant fulfilled this
requirement in the submitted supplemental label. Therefore, additional rotational crop data are
not needed at this time,

An adequate processing study was submitted. Residue data was generated using a validated data
collection method and are supported by adequate storage stability data. Residues of dicamba, 5-
(OH dicamba, and DCSA slightly concentrated in soybean hulls, flour and meal from 1.2 10 1.5
fold and were diluted in protein concentrate, protein isolate, soymilk and tofu.

The residue values obtained from the field trial studies were evaluated using the Organization for
Economic Cooperation and Development (OECD) calculation procedures for estimating
tolerances/Maximum Residue Limits (MRLs). Using the OECD caleulation procedures, and
inputting the total residue, which includes the sum of the parent compound, and its metabolites
5-0OH dicamba, and DCSA, expressed as parent equivalents, tolerances of 60 ppm for sovbean
forage and 100 ppm for soybean hay are recommended. The current tolerances of 10 ppm in
soybean seed and 30 ppm in soybean hull are adequate. The US EPA and PMRA (Canada)
established a harmonized tolerance (MRL) for soybean on seed at 10 ppm. There are currently
no Mexican, Canadian or Codex MRLs established for sovbean forage and hay.

248  Regulatory Recommendations

Provided a revised Section F reflecting the tolerance levels listed in Table 2.2.2, is provided,
there are no residue chemistry considerations that would preclude granting the reguested
registration and establishing tolerances for soybean forage and hay.

2.1 Data Deficlencies/Data Needs

There are no residue chemistry deficiencies that preclude establishing permanent tolerances on
soybean raw agricultural commodities (RACs) for dicamba. A revised human health risk
assessment to support the requested use on dicamba tolerant soybean is underway.

2.2 Tolerance Considerations
2.2.1 Enforcement Analytical Method

The current enforcement method AM-0691B-0593-4, which has been subjected to successful
1LV and EPA method validations, 1s available for the determination of dicamba and its
metabolite S-hydroxydicanmba in soybean forage and seed. Another enforcement method, AM-
0941-1094-0 is available for the determination of dicamba and its metabolites 5-hydroxy
dicamba and 3,6 dichloro 2-hydroxybenzoic acid (DCSA) in soybean seed. Since the principle
and procedures in both methods are similar, the Agency expects that the method AM-0691B-
(13934 may be used for the determination of dicamba, 5-hydroxy dicamba and DCSA in soybean
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forage and hay and that the current analytical methods are suitable for enforcement.
2.2.2 Recommended Tolerances
The current tolerance expression is compliant with HED s Interim Guidance on Tolerance

Expressions (05/27/2009, 8§, Kotener). The newly proposed tolerances should be established
under 40 CFR §180.227(a)3) as follows:

£
irerrent con

dettion

Soybean, forage
Sovhean, hay

2.2.3 Bevisiops to Petitioned-For Tolerances

Tolerances proposed by the petitioner were estimated using the NAFTA MEL calculator. EPA's
recommended toleranves, which differ from the proposed tolerances, were derived using the
OECD MRL calculation procedures, which is the Agency’s current standard for determination of
tolerances.

224 Internationa] Harmonization

There are currently no Mexican, Canadian or Codex MRLs established for sovbean forage and
hay. This is a global joint review of parent dicamba and metabolites in dicamba-tolerant
soybeans led by U.S. with Canada and Japan as participating reviewers, US EPA and PMRA
(Canada) established a harmonized tolerance expression and tolerance residue level for sovbean
on seed at 10 ppm. Therelore, there are no issues with respect o mtemational harmontzation
assoviated with establishing the recommended tolerances.  The International Residue Limits
{IRL} table is found in Appendix F.

2.3 Label Recommendations

The submitted label is acceptable and no revisions are required,

3.8 Introductien

Dicamba is a selective systemic herbicide and belongs to the benzoic acid chermical family,
Dicamba mimics the natural plant hormone indole-3-acetic seid (aka synthetic auxin} and
produces an “awdin overload thereby causing susceptible plants to be igured and controlled.
Dicamba end-use products are available as either acid or salt formulations with registered uses
being maintained on a wide variety of crop and livestock commodities.

Monsanto has developed a dicamba-telerant variety of sovbean seed (MON 87708) capable of
receiving dicamba treatments up to seven days before harvest, A dicamba mono-oxygenase

(DM} gene 1s introduced into dicamba-tolerant soybean seed 10 encode the enzyme dicamba O-
demethylase to convert dicamba into the non-herbicide metaholite 3,6-dichlorosalicyvlic acid
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{(DCSA, and thus causing the soybean plant to tolerate the herbicidal effect of dicamba.

The chemical structure and nomenclature of dicamba and its metabolites 5-OH dicamba, DSCA
and DCGA are presented in Table 3.1.1. The physicochemical properties of the technical grade
of dicamba acid are presented in Table 3.2.1. The chemical names and structures of dicamba and
its metabolites are shown in Appendix B.

3.1  Chemical identity

Table 3.1. 1 Test Compound Nomenclature: Dicamba and its Residues of Concern,

Compound

Chemical Striichuge

Common name

Dicamba

THUPAC name

3.6-Dichloro-p-anisic acid

CAS name

Benzoie acid, 3,6-dichlore-2-methoxy-

CAS &

1918-00-9

End-use product/EP

MI691 herbicide on Rouodup Ready® 2 Miend Sovbean Flowable Concenirate

Compound

COOH

Commaon name

S-Hvdronv-dicamba

IPAC name

2.5-dichioro-3-hydroxy-G-methoxybenzoie acid

CAS name

| Benzoic acid, 2.5-dichloro-3-hydroxy-6-methoxy-

CAS registry nurmber

7660-50-2

Compound

Common name

DCSAL 3. 6~dichlprosalicylic acid

[LPAC name 3,6-dichloro-3-hydroxybenzoic acid
CAS name Benzoic acid, 3.6-dichlore-2-hydrosy-
CAS repistry number 3401-80-7

Compound £00H

{OmEnon name

DICGA; 3, 6-dichlorogentisic acid
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TUPAL name 2, 5-dichlore-3,6-dibvdrosvbenzois aeid
CAS name Renzoic aoid, 2 5dichlore-36-dibvdroxy-
UAY repistry number 1R6RE-D1-2

3.2 PhysicalChemical Characteristics

Table 3.2.1. Physicochemical Propertics of the dicamba teohpival prade

Parameter Value Reference

Maolecular weight (g/mole} 2.14.9699

Melting polothange (*Q) 114-116 7C (PAT)
G 1M PC BT THAL

pH EAIORT TOAD

Dhensity (pdom™) 137 gfml at 25°C ¢

Water solubility { mg/L st 23°CHipay S g/ 100 ml.

Solvent solubiiity {g/L st 25°03 (PAD) dioxans 1180
gthanod 922
wmopropyl aleohol T80
methyvlone chlovide 26.40 Residue Chemistry Chapter
ARG 178 of the Dicambn RED, 1%
tnfusns FXRY 17000, LS, O Olinger
sylene TR
heavy aromatic nogdithadens 32

Vapor pressure st 25°C {RPAD 3.4 x 10 mm Hg

Dissociation constant (pk,) 1.97 {(PAL

Octanolwater partition coafficient LoglKayy 1 81 (PAD
newtral: 511375 oy

setdic (pH Oy OB {281 nm)
hagie (ol 13-14) 488 (2% nm)

3.3 Pesticide Use Pattern/Directions for Use (860.1200)

The dicamba product used for freating dicamba-tolerant soybean proposed for registration is the
M16%9] Herbicide (EPA Reg. No. 324-382) which is a soluble (flowable) concentrate
formulation. This end-use product contains 56.8% active ingredient in the form of the
digiyeolamine salt of dicamba (equivalent to 4.0 1b ae/gal). A summary of the proposed
directions for use taken directly from the supplemental M1691 herbicide label provided by the
registrant are presented below in Table 3.3.1.

Table 33,1, Summary of Proposed Directions Tor Use of DHeamba,
s e s . T Bdny.

Applic, Thning, | Formulation |, . Max. Mo L2 ; . o
,r,;,}? 4 Bl B o 4 : Applic, Rawe . Bes Lise Directions and
Type, ap {EPA Reg. i1 aefAl Appho.per |, o
B w (I aefAd ¥ App) , Limitations
Equip. Mo Season A

Q}b a7 A

Sovbean

Broadeast spray The maximum e for
application pre, 7 for apy single, -crop {(post-
at-planting or 140 e w ras o everpence} apphication
PIE-CINETEEnCe LMPTEEnCe Not i 4"%_ must not exceed 0.5
and post 524-582 and 0.3 specified 24 ‘ fay divamba a.e. per acre.
2IErgence posts e 23 for A second post-emergence
foliar broadeast emergence seed application may follow
Spray 3 up o the R reproductive
applications ! stage
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Conelusions,

The submitted Supplemental M1691 Herbicide Supplemental labeling is adequate and supported
by adequate field trial data.

4.8  Moetabelite/Degradate Hesidue Profile
4.1  NMature of the Residue

4.1.1 Summary of Plant Metabolism (860.1300)
Tier 1 summary review section 6.2.1 “Metabolism, distribution and expression of vesidues in plants”
Rereglstration Eligibility Declsion Memeo,  D317899, 13/20/2005, C. L. Olinger

The nature of the residue for non-dicamba resistant plants was previously determined to be
understood (12317699, C. L. Glinger, 12/20/2008). Prior plant metabolism studies were
reviewed which demonstrate that dicamba is rapidly absorbed and translocated in soybeans. The
resichies of concern that were concluded for the tolerance expression and risk assessment in
soybean were dicamba parent and the metabolites S-hydroxydicamba and DUSA.

The metabolism study submitted by the registrant infon dicambas-tolerant sovbean used a
simulated formulation consisting of 8 mixture of unlabeled dicamba and dicamba uniformly
labeled with "C- in the ring carbons was formulated as an agueocus solution of the diglycolamine
salt. A single application of the test material, cither a8 pre-omergence oF post emMergence, was
applicd at 2.55 and 2,52 1b ac/acre (2.86 and 2.82 kg/ha). The %ppizmnm rates represent shightly
exaggerated rates relative 1o the maximum é_n‘?;fe‘nz:ieni seasonal use rate in the US of 2.0 1b ac/acre
{2.24 kg/ha), Radioactivity analyses (TRR determinations), extraction efficiencies and HPLC
profiles were compared during various phases of the study and immé that dicamba and its
metabolites were stable for longer than two years. The levels of “C-dicamba-derived residues
found in sovbean RAL were quantifiable with the analytical method used. Acceptable
extractabilities were obtained for all matrices. The identified dicamba metabolites were DCSA
ghucoside (60.32-74.48% of TRR), which was the major component in dicamba-tolerant
soybean, DUSA HMGglucoside (1.14-7.62% of TRR), DUGA gluceside (0.75-4.32%), DCGA
malonylglucoside (0.73-5.46% of TRR), DCSA (1.54-4.08% of TRR), in addition to two minor
un-identified metabolites characterized as mixtures of unknown DUSA and DCGA conjugates,
each constituted less than 2,09 of the TRR, The metabolite 3-hydroxy dicamba, which is part of
the current tolerance expression, has not been detected. The identified and characterized
radioactive residues in dicamba tolerant sovbean are lsted in Appendix A,

HBased on the identified metabolites of dicamba in dicamba tolerant sovbean the metabolic
pathway has been concluded and proceeds as follows {see disgram in Appendix Cy:

The dicamba mono oxygenase gene {DMO), introduced to the seed, encodes the enzyme
dicamba ¢} demethylase to convert dicamba into the non-herbicide metabolite 3,6-
dichlorosalioviie acid {(DCSA), which is formed by demethylation of the aromatic methoxyl
moiety of dicamba, DCSA s then conjugated to DCSA gluceside, some of which is further
modified by esterification with 3-hydroxy-3-methylglutaric acid (HMGA) to form DCSA
HMGglucoside, As an alternative less favorable pathway, DUSA is hydroxylated at the 5-
position, to form 2,5-dichloro-3,6-dihydroxybenzoic acid (DCGA), which is converted to the
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glucose conjugate DCGA glucoside and by malonylation of the glucose to DCGA
matonylglucoside. |

4.1.2 Summary of Livesteck Metabolism (860.1308)
Reregistration EHgibility Decision Memo,  D317699, 1272072003, T L. Olinger

The nature of dicamba residues in animaly was previously determined based on acceptable
metabolism studies conducted on ruminants and poultry (MRID 43245201-2). The residues of
concern in meat, milk, poultry and eggs consisted of dicamba and 3,6-dichlore-2-
hydroxyhenzoic acid (IDCSA) [40 CFR §180.227 (a}()].

4.1.3 Summary of Confined Rotational Crops (8601850}
Reregistration Eligibility Degision Memo,  DIT7899, 132072003, C. 1. Olinger

The nature of the dicamba residue in rotational crops was previously reviewed. 1t has been
concluded that Imited andfor extensive field accumulation studies with dicamba were not
necessary and rotational crop tolerances need not be established provided the registrants
amended all dicamba labels to specify a 120-day plant-back interval (PBI) when dicamba is
apphicd gt 2 maximum seasonal rate of 0,75 1b ac/A or less and that the label specifies that only
crops with established tolerances can be rotated. The proposed supplemental label includes the
necessary 120-day PBL

4.1.4 Summary of Metabolites and Degradates

A table of the metabolites of dicamba in dicamba tolerant soybean is found in Appendix A, A
diagram of the metabolic pathway is found in Appendix C.

4.2  Comparison of Metabolic Pathways

The metabolism of dicamba is qualitatively similar in sll plants. Dicamba is metabolized in
plants mainly by demethylation and hydroxylation. The main metabolites are S-hydroxydicamba
and DURA. The metabolite 2.5-dichloro-3,6-dihydroxybenzoic acid {DCGA) has been recently
identified in dicamba-tolerant plants. DCGA is formed by the hydroxviation of DUSA, In
dicamba tolerant plants, the amounts of the metabolites DUSA, S-hvdroxy dicamba and DUGA
vary significantly than in the corresponding dicamba non-tolerant plants. Metabolism in
ruminants was similar to pouliry, the metabolism proceeds in a similar fashion to that seen in
plants described above, however, an additional metabolite, 2-amino-3,6-dichlorophenol has been
identified in low amounts only in hen liver. In rat, dicamba is rapidly absorbed and excreted.
The compound is not metabolized or accumulated by the tissues.

4.3  Hesidues of Convern Summary and Ratiouale
410934 Moemo of Conference 3182013

Based on the results obtained from the metabolism and field trial studies, the residues present in
hoth sovbean and dicamba-tolerant sovbean were comprised of dicamba, S-hvdroxydicambs,

DOSA and DOCGA. A consuliation with the co-chairs of HED Residues of Concern
Knowledgebase Subcommitiee (ROCKS) was held on March 18, 2013, with panticipation of
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Canadian PMRA on April 10,2013, to determine the residues of concern (ROC) for both
tolerance setting and risk assessment purposes. HED and PMRA evaluated both the exposure
and hazard profiles for dicamba, 5-OH dicamba, DCSA and DCGA. Based on available toxicity
studies and structural similarities, HED and PMRA consider the parent and the metabolites 5-
hydroxydicamba and DCGA to be of comparable toxicity. The metabolite DCSA is considered
to be of potentially greater toxicity, based on the rat developmental study (D381800, X, Farwell,
12/17/2012). The submitted data supported the existing tolerance expression for dicamba on
soybean which includes parent dicamba, the DCSA metabolite and the 5-0H dicamba metabolite
found in non-resistant varieties as the residues monitored in the tolerance expression. Since
dicamba, 5-OH dicamba, and DCSA account for the majority of residues in both tolerant and
non-tolerant soybean, this tolerance expression provides sufficient residues to monitor for misuse
for both tolerant and non-tolerant soybean; therefore the ROC for tolerance setting purposes is
dicamba, 5-OH dicamba and DCSA. DCGA was not considered a significant contributor for
determining misuse; and thus was not added to the tolerance expression, The ROCKS
subcommittee co-chairs however supported the recomumendation of adding the metabolite
“conjugates of” DCGA for risk assessment in addition 1o the parent and metabolites included in
the tolerance expression. The DCGA metabolite was included because it is present in
appreciable concentrations up to 7.6 ppm {mean = 2.66 ppm) in feed items and in quantifiable
amounts up to 0.14 ppm (mean = 0.032 ppm} in the seed in the registrant’s submitted field trial
data. In addition, amounts of DCGA found in soybean processed seed fractions were
comparable to the amounts of DCSA. Appendix D sumimarizes the residues of concern from the
metabolism and field trial studies and Table 4.3.1 summarizes the residues of concern to be
included in the tolerance expression and for risk gssessment.

Table 4.3.1. Dicamba Residues of Concern to be included in the Risk Assessment and
Tolerance Expression.

Matrix Tolerance Expression Residues for Risk
Assessment
Barley, corn, grasses, oats, Dhcamba + 5-0H dicamba Dicamba + 5-OH dicamba

proso millet, sorghum, teff
sugarcane, and wheat

Asparagus Dicamba + DCSA Dicamba + DUSA

Cotton Dicamba + 5-CH dicamba + Dicamba + 5-OH dicamba +
DCSA DCSA

Sovbean and aspirated grain | Dicamba + 5-OH dicamba + Dicamba + 5-0H dicamba +

fractions DCSA DCSA+ DCGA

50 Residue Profile
51 Residue Analytical Methods (860.1348)

5.1.1 Data Collection Methods
OECD Tier 11 summary-Section 4.3 Residues in and/or on plants, plant products, foodstuffs (of plant and animal
origin}, feeding stufly

The analytical method AG-ME-1321-01 “Analytical Method for the Determination of Dicamba
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and Its Major Metabolites in Soy Matrices by LOME/ME™ was used for data collection. The
method incorporates an acid hydrolysis step which converts conjugates of 3 6-dichlorosalioviic
acid (DCSA) and 3,6-dichlorogentisic acid (DCGA) 0 their respective chemophores (non-
ghyveosidic hydrolysis products) DCSA and DCGA. These analytes along with dicamba and 5+
hydroxydicamba are detected and quantitated by E51 LO/MS/MS in the negative ion mode.
Analyte-specific C-labeled internal standards were utilized in the method to compensate for
matrix effects in the LO/MS/MS analysis and method procedural losses, The residues are
calculated as pgfe, ppm and expressed in terms of dicamba equivalent.

Sovbean matrices are extracted using 40:60 (volume/volume) acetonitrile;water. Sovbean seed i
first defatted by extraction with hexane, then the residues of concern were extracted with 40:60
acetonitrilerwater. An aliquot of the extract is hydrolyzed in IN HCEat 95 °C in a water bath.
The hydrolysate is partitioned with 40:60 (volume/volume) ethyl acetate:isonctane and the
organic phase is partially concentrated under vacuum, Water is then added to the organic phase,
and the sample is further concentrated under vacumm until only the aqueous solution remains.
The agueous solution s filtered, acidified and analyzed by LOMSEME with turbo lon-spray
wnization in the negative lon mode to guantitate dicamba, S-hydroxydicamba, DUSA and
DCGA. The LU-MB/MS run was 12 minutes. Unly one ion transition for cach analvte was
monitored. The monitored ion transitions {precursor/product fons) are lsted below,

Analyte Precwrsor lon | Product ion
21 {amwu) Q3 {amd
Dicamba 218 178
Sehvdrovydicamba 235 191
DHUSA 208 161
DOGA 221 177
o mdicamba 225 181
PS5 hvdroxydicamba 241 197
CCDCSA 211 167
PCADCGA 227 183

The method was validated at four fortification levels ranging from 0,005 to 2 ppm for dicamba
tolerant sovbean forage, hay and seed including 7 replicates at each level except the 2.0 ppm
fortification level which was done in duplicate. Processed fractions were fortified at three
concentration levels ranging from 0.01 1o 2 ppm including a different number of replicates at
zach level, mostly 1 or 2 replicates and 4 replicates in a fow cases. In general, recoveries fell
within the gcceptable range of 70-120% with few exceptions for S-hydroxydicamba and DCGA
at oy slightly above the limit of guantitation (LOQ).  Poor recoveries of DUGA were obtained
when it was spiked directly to the matrix. The registrant proposed to overcome this issue by
spiking DCGA and s IS into the extract which is not in accordance with the OCSPP
Harmonized Test Guidelines 860.1340, The lowest level of method validation (LLMV) was
.005 ppm for soybean forage, hay and seed and 0.01 for sovbean processed fractions. The
LEMY was considered the LOG of the method,
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Conclusions.

The method has been adequately validated for dicamba, S-hyvdroxydicamba and DCSA in
dicamba tolerant soybean RAC and processed fractions. The determination of DUGA. 15 not
suitable using this method because the validation data are unacceptable Since residues of this
metabolite are included for risk assessment only, residue values will be estimated using the
metabolism study, which has been adeguately validated and will provide a conservative estimate
of exposure.

512 Multi-Residue Methods (MRM) (88,1360}
3378378, A, Kamel, 62013

Appendix 11 of PAM Volume I specifies that dicamba is completely recovered using Section 402
£2 of Protocol B but is only partially recovered using Section 402 E1 of Protocol B.

BASF Corporation has recently submitted multi-residue method data for the dicamba metabolites
5-0H dicamba and 3,6 dichloro salicylic acid {DOCSAY(MRID 48001304}, The metabolites were
sereened through multi-residue methods deseribed in the United States Food and Drug
Administration (FIIA} Pesticide Analytical Manual Volume TH{PAM Vol 1}, Testing through
Protocol B revealed that partial recoveries were oblained for DUSA only on non-fatty food, but
Protocol B was not suitable for 5-0H dicamba, Testing through Protocols A, C, D, E and F
showed that the pratocols were not applicable to 5-0H dicamba because it was either not fully
recoverable, or due to the lack of a fluorescence response. DCSA was not tested under Protocol
D3, E, or F because it did not show acceptable chromatographic separation under Protocol €. 5-
O3 dicamba and DCSA were not tested under Protocol G because the compounds are not
substituted ureas,

£1.3 Tolerance Enforcement Methods

The current enforcement method AM-06918-0593-4, which has been subjected to a successful
1LV as well as EPA method validation is available for the determination of dicamba and its
metabolite S-hydroxydicamba in soybean forage and seed. Another enforcement method, AM-
(1941-1094-0 is available for the determination of dicamba and its metabolites S-hydroxy
dicamba and 3,6 dickloro 2-hydroxybenzoic acid (DCSA) in seed. For animal commodities, the
analvtical method AM 0683 “Determination of dicamba and and 3,6 dichloro 2-hydroxybenzoie
acid (DUSA) in liver, kidney, skeletal muscele, adipose tissue and milk™ is available, The Agency
expects the anabvtical method AM-0691B-0593-4 to be suitable for the determination of all
residues of interest in all matrices since the method is similar to AM-0941-1094-0 in is steps and
principle.

Clonclusions.

The enforcements methods described above are expected to be suitable for the determination all
the residues of concern in all matrices.
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514 Submittal of Anulytical Reference Standards (860.1650)

Analytical standards for dicamba and its metabolites of concern are curréntly available in the
EPA National Pesticide Standards Repository {personal communication of Peter Savoia, HED,
with Theresa Cole, BEAD, 0173072013}, The current stock of standards is set to expire on
$1/30/72015,

52  Storage Stability (868.1388)

OBCD Tier U summary settion 53.1.2 "Residues resulting from supervised trials in sovboan™ and Table 6.3.1.2-8.
“Storage Period of Sovbean Samples”

Reregistration Eligibility Decision Memo,  DITTER9, 122072005, C, L. Dlinger

The storage stability study was previously evaluated for residues of dicamba in soybeans and
soybean processed {ractions from field and processing studies in which samples were stored for 4
to 10 months prior to sealysis (0317699 C. Olinger, 2005). These storage stability data indicate
that residues of dicsnba and its metabolites are reasonably stable under frozen storage
gonditions ivon sovbean forage for up to 4 months, 6 months in the seed RAC (dicamba only)
and in refined oil for up 1o 3 months (MRID 43814101, MRID 43814102).

Conclusions

Adeguate data have been provided to demonstrate that residues of dicamba and its metsbolites
were stable in sovbean matrices during freezer storage.

23 Residue Data

531 Crop Field Trials (B60.1500)

CECD Tier 1T sumumary seotion £.3.1.2 “Residues resulting from supervised trisls in sovbean”

Monsanto submitted crop field trials which were conducted in 2008 at twenty-two locations in
the United States to quantify the residues of dicamba and its metabolifes in/on soybeans, The
location of the North American soybean ficld trials are summarized in Appendix D. The
distribution of the sovbean field trials included 2 trials in Region 2 (GA and 8C), 3 trials in
Region 4 {LA, AR and MO} and 17 trials in Region 5 {2 trals each in 1L, 1A, K8, MN, NE, 8D
and W and 1 trial vach in IN, MI and NID). At each field site, treatment snd control plots were
established using dicamba-tolerant sovbeans MON 87708, In addition to the dicamba tolerance
trait, these seeds are also stacked with a glyphosate-tolerance trait,

A formulation using the monoethanolamine salt of dicamba.(MON 11955} was applied once pre-
emergence, and ongce sach at the V3 growth stage and at the R1/R2 growth stage, at nominal
appheation rates of 100 Ib ae/A (112 kg ae/ha), 0.500 b ae/A (0560 kg ae/hayand 0.5 1b
a.e /A (0.560 kg a.e.tha), respectively according to the proposed new supplemental label for the
registered formulation M1691 { EPA Reg. No, 524-382), Sovbean RACs were harvested at the
typical commercial harvest stages, provessed or ground and were maintained frozen at -20°C for
intervals ranging from 31-293 davs to study the stability of the residues of interest {some
samples were stored for a maximum of 400 days to resolve discrepancies between field
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replicates}). Residues were snalyzed by an analvtical method which converts the DUSA and
DUGA congugates into their respective acid hydrolysis products.

The average of 44 field samples for each soybean matrix showed that DCSA (sum of hydrolysis
products of all DCSA conjugates) was the major residue found and ranged from 8.92 pom to
51.3 ppo in forage, from 12.2 ppm to 61.1 ppm in hay and from 0.010 ppm to 0.440 ppm in
seed. Residues of DCGA ranged from 0.356 ppm to 5.90 ppm in forage, from 0.167 ppm to 7.26
ppm i hay, and from <0.011 ppm (<LOOQ) to 0135 ppm in seed. A surface residue of un-
changed dicamba ranged from <0.021 ppm (<LOY) 10 2.62 ppm in forage, from <0.014 ppm
{<LO3) 1o 1.16 ppm in hay, and were non-quantifiable (<LOGQ; <0013 ppm) in seed. Residues
of S-hydroxydicamba was generally not detected above the LOG in sovbean commodities,
except in forage at an average of 0.006 ppm. The sumpary of dicamba and its metabolites
residues found in soybean matrices treated with the maximum application rate are shown in
Table 53.1.2

The residue data from irials conducted to bridge the two 8C formulations MON 11955
{monethanclamine salt of dicamba) and MON 34140 {(diglveolamine (DGA)} salt of dicamba)
show that the residue levels in sovbean forage, hay and seed are similar following treatment with
the two different formulations of dicamba.

Residue data from the two decline trials show that in general residues of dicamba, DCSA,
DBCGA and 5-hydroxy dicamba decreased over the sampling time from day 3 1o day 100,
Residues {mean) of dicamba and S-hvdroxy were low in all matrices at 3 days after the last
application and decreased to <LOQ at subsequent intervals. Therefore, no conclusion can be
made regarding residue decline of these two analyies. Residues {mean) of DUGA and DCSA in
seed remained constant, though low, over the sampling period at both sites.
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Table 8.3.1L.2. Summary of Residues from Field Trials with Dicamba,
Commoedity | Towl Applic. | PHI Residue Levels®"
Bate {davs} {pom}
b ae/s n Min, Max. HAFT | Median | Mean |} Std Dev,
kg aeiha) {STMARY | (STMR)
BUGA'
Forage 19-2.04 T-10 44 {4,356 LR 527 153 202 R 17
(219228 , ; .
Hay P3-13 44 47 1.2 TR 280 .56 1.9
{Read TI48 44 {3011 £§.13%8 4131 BO7 32 HRERH
BCEA
Forage {.96-2.04 718 44 8.92 13 504 150 19.0 8.00
4 (208238 -
Hay 1313 44 123 61.1 627 3u 323 1§82
Seod PES: 44 801 4,440 439 (1033 1039 0,089
feumbe
Forage §.96-2 04 F10 44 <R 242 247 {868 $.374 {503
{21328y
Hay 13-1% 44 L EN [ 14 HEILY 3.156 $.216
Seed 7398 44 L0 [RLOG SLOG KLDO <D0 1<L00
54034 Heamba
Forage 1.96-2.04 T it 44 <LOG 0.009 0,009 B.003 0.806 <LOG
£2.19-2.28)
Hay 13-1§ 44 [LOU <LOQ 0 (<00 [RLOG L0 1<L0Q
Seod T38% 44 <O SO0 <LOO LoD LoD [<L0Q

*Coneantrations of the ndividus! analvies are reported g5 dlcambs oguivalonts
f’v’aimx < L0 ave wsumed t boat the LOKG.
Y EHIGA residues wore guantitaied by @ nonwvalideted mathed

{onclusion:

Residue data for dicamba, DCSA, and 3-0H dicamba were generated using a validated data
collection method, supported by adequate storage stability data and are acceptable with respect to
the number of trials and geographic locations (Appendix E). The analytical methed used to
guantify residucs of DOGA has not been adequately validated. However, since residues of this
metabolite are not included in the tolerance expression no additional data for the DCGA
metabolite is required at this time. DCSA was the major residue found and ranged from 8.92
ppm to 31.3 ppm in forage, from 12.2 ppm to 61.1 ppm in hay and from G.010 ppm 1o 0.440 ppm
in seed.

532 Field Rotational Crops (860.1904)

Reregistration Eligibility Decision Memo,  DI17699, 122052008, C. L. Olinger
The December 2003 Reregistration Eligibility Deciston (RED) for dicamba requires additional
rotational crop studies in order to satisfy data requirements. However, these data are not needed

if a 120-day plantback interval is specified when dicamba is applied at the maximum seasonal
rate 01 0.75 b ae/A, For greater seasonal application rates of 0.75-2.0 Ib ae/A, only crops with
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established tolerances can be rotated for planting. Beecause no new rotational crop data have
been submitied, the plantback restrictions noted in the 2005 RED are required and have been
appropriately reflected on the proposed product label for dicamba-tolerant soybean.

833 Processed Food and Feed (860.1520)

DBER Beference List

GECD Tier 1 supusary section 4.3 “Restdues in andforon plants, plent products, foodstuffs {of plant and animal
origing, Reedingstufly”

OIS Tier 1 saimmmary section 8.5 “Effects of Indostrisl Provessing sndfor Household Preparation”

Monsanto submitted data for processed fractions of dicamba-tolerant sovbean seed. Samples of
seed from two sites were generated using a rate 30% higher than the sugpested maximum vearly
application of dicamba. Processed soybean fractions of hulls, defatted flour, toasted defatted
meal, protein isolate, protein concentrate, crude lecithin, degummed oil; refined bleached
deodorized (RBD) oil, soymilk and tofu were prepared and stored frozen until analyzed. The
analytical method was validated at three fortification levels to test its suitability for analyzing
each processed fraction. Recoveries of residues were generally within acceptable range (70-
1209, except for defatted flour at levels of .01 and 0.02 ppm for S-hvdroxydicamba, Since 5-
hvdroxvdicamba hay not been detected in any of the seed or processed fractions, poor recoveries
at low spiking levels is not of concern. Dicamba and S-hydroxydicamba residues in the whole
seed and processed fractions were below the LOQ; therefore processing factors could not be
calevlated.  Concentration factors were determined separately for DOSA and DCGA and
calculated by obtaining the ratio of the residue in seed to that of the corresponding fraction.
Residues were found to concentrate up to 1.5~ in sovbean hulls, toasted defatted meal and
defatted flour. Residues were diluted in protein concentrate, protein isolate, soymilk and tofu.
Residues in other fractions were below LOQ. Amounts of DCGA and DUSA metabolites were
almost identical in most fractions, indicating further transformation of DCSA into DCGA during
processing. Table 5.3.3.1 shows the residue data obtained from seed processed fractions in
dicamba tolerant sovbean,

Conclusions:
The analyvtical method used for the determination of dicamba and its metabolites in processed

seed fractions was adequate. The current tolerance level of 10 ppm for soybean seed and 30 ppm
for soybean hulls are adequate and cover all processed fractions.
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Sead {1,065 G085
Hulls 083 0,054 127 (.99
Toasted defatiod meal D478 {.06% 118 1.28
 Degnmmed ol S0 <3010 <g.010 <16 “4 18
Sovbean | RBD oil exan éﬁm 4 0010 <1016 <{} 18 <(.1%
from  Crude lecithin x‘aﬁgé:;{g;«-;% o 0010 T <0010 <016 <0.18
first site | Defaited P ‘ ;'ze;*;’;»‘t} 9,071 0.067 1.4 123
Protemn soluie ’ <fL010 <{3,010 {316 <18
Protein concentrate <(.0810 <3010 {316 < 18
Sovinilk <G00 <4010 <316 <{,18
Tofu <3, 610 <3010 <0, 16 <018
Sead 6173 3,143 — -
Hulls £.263 D142 1.52 1]
Tousted defutted mead 026 4,151 1.51 1.34
Saybean ;’L}ggummﬁé ol vf:f(}.{ﬁ;{’ﬁ ~'~3§}«€}%€% »{3% «’i@.{}?
fom Rﬁ{? &}g% - 5% <1 <33 D1 *'«".43,{;@ *i&{??
secand Cmﬁm tegithin exaggerated 0.037 <(.010 4.2 <7
Gte Diefhtied fluor rate {f}‘;ﬁ b (.244 3.182 P41 1.28
Protein fsolate ae/A} 2R D617 $.18 .12
Protein concentrate 0.015 0.015 0,08 {18
Sovmilk 3416 .01 0.0% 0.07
Tofi DA S <010 £4.09 (3,07

534 DMeat, Milk, Poultry and Eggs (860,148
Reregistration Elighhility Decision Memo,  D31769%, 122002008, ¢ L. Olinger

A bovine feeding study conducted at a feeding level of 1000 ppm (MRID 44891303 has been
previously reviewed. Data showed that the highest levels of dicamba residues accumulated in
kidney and liver tissues and were 46.6 and 5.06 ppm respectively, while significantly lower
levels accumulated in fat and muscle tissue, Tolerances for livestock commodities ranging from
a level of 0.2 ppm for fat to 25 ppm for kidney were recommended

A poultry feeding study with dicamba was previously determined not 1o be reguired based on the
results of the submitted poultry metabolism study. In the poultry study, the TRR levels in egps,
hver, muscle, and fat were all <0.004 ppm following dosing at 10 ppm (~1.9x the maximum
dietary burden of 5.2 ppm} in the diet for four consecutive days. Residues in egps plateaued
after the first day of dosing (1.e.. there was no accumulation with increasing days of dosing).
HED did not anticipate the occurrence of quantifiable residues of dicamba or DCSA in poultry
eges and meat as a result of treating crops with poultry feed items at the maximum use patterns,
Therefore, HED concluded that tolerances are not needed in poultry eggs and meat at that time
but may be required i additional uses are registered in the futuwre.

For this action, a tolerance of 60 ppm in sovbean forage and 100 ppm in sovbean hay is

recommended. Sovbean forage and hay ave considered minor sources of livestock feed and the
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proposed tolerances are significantly lower than other feed commodity established tolerances for
more predominant dietary sources such as grass forage, fodder, hay crop group 17, forage at 125
ppm and hay at 200 ppm. The worst case estimated livestock dietary burden will therefore be
unaffected by the new recommended tolerances.

5.3.5. Food Handling (860.1460)

This guideline requirement is not relevant to the current action

535 ‘Water, Fish, and lrrigated Crops (860.1400)
This guideline requirement is not relevant to the current action.
54  Food Residue Profile

Data on the metabolism of dicamba in dicamba-tolerant sovbean demonstrate that dicamba is
rapidly absorbed and translocated in soybeans. The highest residues are generally found in the
foliage or forage and hay portions of plants used as feedstuffs, while lower residues are found in
seeds of soybean and its processed fractions used as food items. In the field wial data,
guantifiable residues were found in seed, while residues appear to decline over time, there 15 the
petential for exposure from conswming the edible portion of sovbean. The highest levels of
dicamba restdues in beef accumulated in kidoey and lHver tissues. The occurrence of quantifiable
residues of dicamba or DCSA in poultry eggs and meat a3 a resull of treating crops with poultry
feed iterns at the maximum use patierns are not anticipated.

6.0 Tolerance Derivation
Herpgistration Eligibthity Decision Memo,  DERUT699, 12720/2005, €. L. Olinger

Permanent tolerances are established under 40 CFR §180.227{a)(3) for dicamba parent, 5-OH
dicamba and DSCA metabolites. The tolerance expression established under 40 CFR
$180.227(a) 3} for soybean seed (10 ppm) and soybean hull (30 ppm} will not change based on
the new metabolism data provided in support of this action. Tolerances for hull and seed were
previously raised from 13 ppm to 30 ppm based on caleulations of maximum HAFT combined
residue level {(7.44 ppm) of the RAC and the observed conventration factor for soyvbean hulls
{3.8+}. Inseed, the highest total residues were 8.13 ppm in/on samples of sovbean seed
harvested 68 days following treatments at 1.25% the maxiroum rate (D3 17699, 1272002005, C
Olinger).

The International Residue Limit (RLY summary is shown in Appendix F of this memorandum.
There are currently no Mexican, Canadian or Codex MELs established for sovbean forage and
hay.

Recommended tolerances for sovbean forage and sovbean hay were obtained using the
Organization of Feonomic Cooperation and Development (OBECD) caleulation procedure.

Residue data from the 22 field rial locations with the average of duplicate samples at each
location were entered (total 22 data points) by adding residues of DUSA, dicamba and 5-
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hydroxydicamba from each location into the OECD MEL calculator. There were no data
censored since all wmounts (total of dicamba + DCSA + S-hydroxy dicamba) were above the
LOQ. LOQ amounts were entered for 5 hvdroxydicamba if the detected amount is <LO().
Recommended MRLs (Tolerances) were found to be 60 ppm for sovbean forage and 100 ppm
for soybean hay. The calculation inputs/outpuis are found in Appendix G. Tolerances proposed
by the petitioner were estimated using the NAFTA MRL calculator, which were different than
the recommended tolerances above. The Agency is currently applying tolerance calculations
based on the OECD caleulator.

Page 20 of 28

ED_005172C_00001759-00020



Dicamba Summary of Residue Chemistry Data Barcode D384422

Appendix A. Summary of Characterization and Identification of Radicactive Residues in Dicamba-Tolerant
Soybean Matrices Following Application of [?hmyiul}ﬁﬁ]di&amha

Pre-emergence treatment® Postemsrgence treatment”
Pre-Forage % Fyrage § Hay l Seed Forage | Hay ] Beed
Identification Poreent of Matrix TRR (mgfkg, ppin)®

Sugars FAT0.048) 4.96 (0,014 1.08(0.011) 8.42 {0,025 - 0.49 (0,190} 915 {0.036)
Linknown .26 (0.688) 0,40 ((0.006) - 1.2248.004) ~ 0.18 {0.071) -
DCGA Glucoside 2.77{0.08) 1.14-40.016) 3.45 (0.0363 160 {0.005) 0.75 (1.007) 4.32 (1.890} 2.87(0.008)
Unknown {a0d (0.021) .38 (0.008) (.53 (0.306) 0.33 (0001 0,36 (.478) - 0.31 (000D
Unknows 0.2 {0007 - .50 (0.003) 0.7 £0.002) - .71 (0,280) (.62 {3002
Unknown - - . - - - 087 (0.002)
DCGA
Malonyiplucoside SAG(OITH 1,40 (0.020} .73 (0.008) 4,73 (0.014} 11 (1485 161 (0631 4464 (D018
DUSA Glacoside 68.96 {2.24) 74.48 (1.067) TO.8{0.748) 11.55{0.034) S032(R0.81 Y 67.26 (26333 13,27 {(1.059)
Uinknown - « - 1.26 (0.604) {114 {0189 - .84 {0,003
DOSA
HMGglucoside 62 (0.247) 521 (0.075) 6,67 {0070 B.73 (0025 114 (1.538) 248 {0.970) 9,61 {037}
Unknown i - {1.74 £0.008) .38 (0.001) 0,18 {0.239} - 0.61 {(0.002)
Uinknown - - - - 3,18 {8239 - 3,48 {0.002)
Unk DCSA/DCGA
Coni. 04,29 {6,009 126 (0.018) 164 {0,017 0.75 (0.6023 £.38 {6.503} 1.75 (00863 0,62 (0.002}
Linknown - - .73 (0.008) - .40 {0.5411 G.95¢(0.37H .36 {0.0013
Urnknown $.62 (0.020) 441 {0006} 1.07 0011 0.1 (0000 .26 {0,352 4,81 (354 .33 {0.001)
Uink DCSA/DCGA ] ’
Glus §.55 {0.008) 0.51 {0,005 - 0,12 {0,164} -
Unknows - - ; . 0.18 {0.239) 0,38 (0.149) -
DURA 146 (0.047) 3.19 40.046) 154 {0,015} 0.37 {0.001) 4.08 (5.473) 1.93 (0750 (.46 (0.002)
Dicamba 0.8(0.026) 161 {0023} .85 (0.009) 0.20(0.0013 3421 (32473} 1233 (4. 828 (1,64 {0,003}
Lnknown - - - - - “ 0,32 {0.002)
Linknown - - - - - - .11 {0.0004)
Triglycerides na ta na 1387 (0.040) na na 10,76 (5.042)
Total ACNELO
Extractable
Residuss 93,85 13.94) LALLM S0.87 (0.9580) | 4044 (010 93.81 1125.83) 95.30 {37312} 47.21 (B.1814)
Fotal Identified or
Characterized
Metaholites 88.83(2.88) | B2.8(1.287) 87.28 (1.92) 36.35.23¢0.007) | 92,31 (323.553) | 9217 36885 43.09(0.13749)

* The application rates achieved were 2.55 and 2.52 b aefacre (2.86 and 2.82 kg/ha), for the pre- and post emergence applications, respectively
AN mg'ke (ppa) values are expressed 4s dicamba equivalents.
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Appendix B. Sumemry of Chemical Names and Structures of Bicembn and its Motaballtes,

Cvumon name’eode Chemdeal name  Chemical structure
Pivamba Bernzole acid 3.6dichlore, 2-methoxy

DHORA Glucoside Beppoie aoids 3 5dichiorp 2303
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L
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DU A Glaooside Bomeoic scide 2, 5dichlore3-{00

glucopvrans

svioned-fedipdningy

DOSA HhdGeluooside Bemaoic soid- 38-dicklor-2 ~§§"z~§3~ ¥
ghacopyrang 3 A o
smethylelutary .3! ss o ji
Ao e
DOGA mglonylghicoside Banzole goid- 2 S-dichloro-3(- Ik GOt
ghucepyranosvlony malonypé-hvdrosy & N M
i E
¥ Wsww««?m«w A gy
i) "WMQ
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Appendix C. Metabolic Pathways
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Forage
LI

Hay
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Appendix E. Field Trial Geographic Distribution
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Dicamba Summary of Residue Chemistry Data Barcode D384422

Appendix F. International Residue Limits Table

Dicamba (PC Code 128931; 03/21/2013)

Residue Definition

18 Canada Mexico® | Codex’

40 CFR. 180,227 Plamts except dry sovbeans: Plant: dicamba

residues of dicamba, 3,6-dichloro~ | benzoid acid, 3,6-dichlore-2- Animals sumrof

O-ariisic acid, and iis metabolites, | methoxy-, including the dicamba and 3,6~

3 s-dichloro-5-hvdroxy-O-anisic | metabolite benzoic acid, 2,5~ dichlorosalicylic.

acid, and 3,6-dichloro-2- dichlore-3-hydroxy-6-methoxy- acid (DCSA)

hydroxybenzoic acid, ealeulated expressed as

as the stoichiometric equivalent of | Dry soybeans: dicamba.

dicamba henzoic acid, 3,6-dichloro-2- The residus is not
methoxy-, including the fat-soluble.

nietabolites benzoic acid, 3,6-
dichlore-Z-hydroxy- and
henzoic acid, 2,5-dichioro-3-
hydroxy-6-methoxy-

Tolerance {ppm) /Meaximum Residue Limit (mg/ke)

Commodity'

Us | Canada Mexico® | Codex’
Soybean, forage 60 |
Soybean, hay 130

Completed: M. Negussie; 03/25/2013
" Includes only commodities of interest for this action. Tolerance values should be the HED recommendations and
not those proposed by the applicant.

* Mexico adopts US tolerances and/or Codex MRLS for its export purposes.

4 = absent at the limit of quantitation; Fo = postharvest treatiment, such as treatment of stored grains, PoP =
processed postharvest treated commipdity, such as processing of treated stored wheat. {fat) = to be measured on the
fat portion of the sample. MEBLs indicated as proposed have not been finalized by the CCPR and the CAC,
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Appendix G. OECD MRL Calenlation Procedure Inputs/Outputs

1. QOutputs
Compound
Crop
Region / Country
GAP
Total number of data {(n) an l i an
Percentage of censored dats 0% 0%
Number of nop-censored data 29 5o
Lowest residue 10,183 12.828
Bighest residus 50,378 50,908
Median residue 15,7186 3Z.287
Hean 17.330 32.341
Srandard deviation (81} 7,961 11.127
Correction factor for
cengoring (CF) 1,000 1. 000

Proposed MRL sstimate

- Highest residus 50,378 60,900

~ HMean + 4 8D 49,174 T6&.B48

- OF % 3 Mean 51.985 97.024

Unrounded MRL 51.98% 27 .024

Rounded MREL l 50 L 108
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2 Inputs: Average of duplicate samples from 22
field trials
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Dicamba/Dicamba Tolerant Sovbeans- Residues Page | of 4

6.5 Effects of Industrial Processing andior Household Preparation

Report: HA 6.5/01 Moran, S.J. and Foster, J.E. 2010, Magnitude of Residues of
Dicamba in Soybean Raw Agricultural and Processed Commodities after
Application to MON 87708, Monsanto Report No. MSLO022660.
MRID 47899524, PMRA No. 1884534,

Guidelines:
EPA Paglicide Assessment Guidelines, OCSPP 860.1500 Crop Field Trials,
OCSPP 860.1520 Processed Food/Feed, Canada Pest Management Regulatory
Agency Directive DIRS8-02, Residue Chemistry Guidelines, Section 8 - Crop
Field Trials

GLP: Bigned and dated Good Laboratory Practice (GLP), Quality Assurance and Data

Confidentiality statements were provided.

Acceptability: Under the conditions and parameters used in the study, the industrial processing
of soybean seed fractions is sccepiable.

Materials and Methods:

Active substance {sommon name): Dicamba

Croplerop grou Sovbean/MON B7708

GContent of active substance {gfkg or g/i} 480 gl

Formulation: BMON 84140

Formulation Type: Boluble concentrate

Application Rate and Timing: 1.0 s {1.12 kg/ha) pre-emergence

2.0 Bdw (224 kglha) sl RURZ

Plots were established for the purpose of generating seed for processing at two sites of the field
residue trial program conducted in 2008 in the United States to guantify the residues of dicamba
in dicamba-{olerant soybean MON 87708 (section 8.3.1.2). In the plots intended to generate
seed for processing, dicamba, formulated as MON 547140 was applied at an exaggerated total
rate of 3.38 kg ae/ha (3.01baela, 1.5 %) in split applications, with the intent that the seed
residue would be high enough to provide reliable data io delermine whether residues
concentrated in the commodities generated during processing, as shown in Table §.5.1,

Table §.5.1 Formulation and rate used for application to plods for generation of seed for
processing

Application Rate
{expressed as dicamba acid
equivalents)

, Number Formulation code, type

Trostment PO and content of the a.3. Pre-smergence RYRZ

of Sites a5 2.8,
@ 5 MON 54140 1.0 e 24 e
SL480 gaell {112 kgiha) {2.24 kgfha)

* An sxsggerated rate (1.5 was used at e two sites 1o produce seed for processing.

MRID 47899324/DF 384422 PMRA No. 1894534
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Dicamba/Dhcamba Tolerant Soybeans- Residues Page 2 of 4

Seed for processing was shipped frozen to & small-scale processing facility which simulated
commercial processing and was storsd frozen until thawed for processing. Processed fractions
were shipped to the analyticsl laboratory on dry ioe and were placed into freezer storage and
maintained frozen until analysis. All extractions of soybean processed fractions were completed
within thirty days from the day they were processed; thus, a storage stability study for the
processed fractions was not needed.

The processed fractions were analyzed to determing the residues of dicamba and &-
hydroxydicamba and the residuss hydrolyzed to DUSA and DCGA using the same method “AG-
ME-1321-01" used for the analysis of soybean forage, hay and seed (section 4.3). Minor
preparation modifications were used for the processed tofu and lecithin such as specific dilution
patterns. Results obtained from method validation for dicamba, S-hydroxy dicamba, and DCSA
i soybean processed fractions (soybean hulls, defatted flour, toasted defalied meal, protein
isolate, protein concentrate, crude lecithin, degummed oil, refined bleached deodorized (RBDY
olf, soymilk and tofu) were generally within the acceptable range of 70-120% at different
fortification levels ranging from 0.01 to 3 ugfg , except recoveries of S-hydroxydicamba in
defatted flour, which were 31% and 64% at fortification levels of 0.01 and 0.02 ppm respectively.
The limit of quantilation {L.OQ), defined as the lowest concentration at which an acceptable
recovery is obtained (owest level of method validation (LLMVY) was 0.01 ppm in soybean
processed samples.

Since residues of dicamba and S-hydroxydicamba were below LOG in the seed from the 1x
treatment {Trealment 4, section 8.3.1.2), the seed used for processing (1.5 treatment,
Treatment 8) and in all the processad fractions; therefors the processing factor Tor dicamba and
S-hydroxydicamba were not calculated. The processing factors were separately calculated
based on the residues of DOSA and DCGA. LOQ {0.01 pom) values were used in calculations
when residues were below the LOQ. Table 6.5-2 shows the resulls of the calculation of the
processing factors for both sites, and Table 8.5-3 shows the average concentration factors. A
slight concentration was observed in hulls, toasted defatied meal and defatted flour in which the
average concentration factors based on DCSA were 1.40, 1.35 and 1.28, respectively, and
based on DCGA were 1.3 and 1.25 in toasted defatted meal and defatted flour, respectively.
The processing factors for hulls and toasted defatted meal were below the EPA defaull
processing factors of 11.3 and 2.2 for hulls and meal, respectively (US EPA QCEBPP Test
Guideling 860.1520 Processed Food/Feed and PMRA Regulatory Directive Dir88-02, Table 3 in
Section 10- Processed FoodiFeed).

MRID 47899524/03P 384422 PMERA No, 1894534
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Dicamba/Dicamba Tolerant Sovbeans- Residues

Page 3 of 4

Table 6.5-2

Residues and Concentration Factors from Processing of Sovbean Seed

Average Residug” , o o
Processed Fraction (mgikg) Concentration Factor

DCsa DOGA DCsA DA
York NE site
Seed for processing 0.085 Q.055 MA KA
Ml 082 {084 1.87 0.8g
Toasted defatied meaal DUTE AR 118 1,28
Degummed off <3010 <0018 =018 <318
REBD® ot <. (10 <03 010 <{1,18 0318
Crude lecithin =0.010 (3,010 <316 =0 18
Defatted flour 0,071 Q.087 119 1,23
Protein isolate =0.010 ={) (110 <18 <{J.18
Protein concentrate <0010 «(3 1{ <f} 16 <[} 18
Soymil <0040 <3 310 <118 <0}, 18
Totu <3010 <0310 <{1.18 <3, 18
Dinlavan Wi site
Seed for processing 0173 0142 MNA MA
Hulls 0,283 0142 1.582 1.0
Toasted defatied megd {2680 0,189 1.51 1,34
Degummed oil <0 010 <0010 <{3.08 0,07
RED" ail <0.010 <0040 <306 «<.07
Crude lecithin G037 <(3.010 .21 <307
Defatted four 0.244 0.182 147 128
Projain isolale 0.028 0017 3.168 .12
Protein concentrale 30158 015 3,08 011
Soymilk 0.018 9010 3.08 007
Tofy 0.015 <03 0310 R <307

* Residues are sxpransed su vach analyle porse
¥ Concentration fattor = residug in processed fraction’ residus In sorresponding seerd
© BB ol = réfined, blsached, deodorized of

MRITy 47899324/DF 384422

PMRA No. 1894534
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Page 4 of 4

Table 6.5.3. Overall Average Concentration Factors for Each Processed Fraction

Fraction Average Concentration Factor®
DCSA DCGA
Hulls 1.40 (.08
Toasted Defatied Meal 1.35 1.30
Degummed Ol <0, 11 =013
RED Ol <(3,%1 «0.13
Crude Lecithin =20.18 <0.13
Defatted Flour 1.26 4.25
Protein isolate <018 <(3.18
Protein Concentrate <012 <{3,14
| Soymitk <{.12 <13
Tofu <{,12 <013

® Average Concentration factor = average of the site average concentration factor for each fraction. The
LOG was not determined for processed fractions; concentration factors were caleulated based on the

LEMV of 0.01 ppm.

Conclusions

Processing of soybean seed from plots at two locations treated with an exaggerated seasonal
rate of 3 b a.e /a (3.38 kg a.e./ha)} of dicamba showed that DCSA concentration was observed
in soybean hulls, toasted defatted meal and defatted flour upon processing and the
concentration factors were 1.40, 1.35 and 1.26, respectively. DCGA residues concentrated in
toasted defatted meal and defalted flour fractions, with factors of 1.30 and 1.25, respectively.

MRID 47899524/DP 384422

PMRA No. 1894534
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6. Residues in or on Treated Products, Food and Feed
6.3 Residues resulting from supervised trials on crops

Dicamba is a selective systemic herbicide belonging to the benzoie scid chemical family and is classified
as a Group 4 herbicide. In the US, dicamba is registered for use on sovbeans as pre-plant and pre-harvest
applications. Dicamba 15 not registered for use on soybeans in Canada. The current application i for pre-
and post-zmergence uses of divumba on dicamba-tolerant sovbeans MON 87708,

Results from the supervised residus trials conducted in the US infon dicamba tolerant sovbeans during the
2008 growing season are reported below in support of the proposed wses. The US and Canadian use
patterns are summarized below in Section 63,11,

Abbreviations contained in the tables are indicated in the legend below in order to avoid repetition in each
table. Dicamba i formulated as different salts; therefore, the content of the active substance is expressed
as ackd equivalents,

A =acre

a.5. = getive substance

a.e. = acld equivalents

DALA = days after the last spplication

DOSA = 3 Gdichloro-2-hydrosybenzoic acid

DOGA = 2, 5-dichlore-3 &-dilvdroxybenzole acid

(3PA = gallony per atre

HAFT = highest average field trial

5-0OH dicamba = 2 S-dichlore-3-hyidroxy-6-methoxybenzoic acid

ha = hectare

LOD = Hmit of detection

LOG = limit of guantitation

na = pot applicable

PHI = pre-harvest interval

RAC = raw agricuitural commaodity

SN = silution

6.3.1 Residne Trials (pre-harvest use on major erops)
6.3.1.1 Good Agricultural Practices (GAP) Relevant {o the Highest
Residues Likely to Ocour

Applicalion
Bpray
Formulution Hate Yolume
typre and vomtont haeda GPa
Crop Country ofee asas Rethead ke sedhal {Ldbas P Wy, P
Chitod o Bropdoast 3% { i%i%s 2{3.{3 {@.%:‘?} § ~
Sovbean \ t%ta;; 5% 480 Folur 0,500 (0. 5607 200018 i TAAS
S Foliar 4,500 (0, 3600 252 (198 i
HBroadeast é;’fgé“ﬁgzg} ZILE (2110) 1
Sovbean Canada SN 480 T T3-85
Polir | ossewmegy | SPEEND L,
*single vr split apphioation drough RY growth stages maxiomn single apphoating $.336 b ao /800S0 ke soshal maximum

vearly application 107 rae da (13 by aaedbal

MRID 478903524/DP 384422 PMRA No. 1894334
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6.3.1.2 Residues resulting from supervised trials in soybean

Report:

HAE 6.3.1.2/1 MRID No. 47899524, PMRA No.1894534. Moran, S.J. and Foster, LE, 2010
Magnitude of Residues of Dicamba in Sovbean Raw Agricultural and Processed
Commodities after Application to MON 87708. Monsanto Report No. MSLO022660.

Guidelines:

FP4 Pesticide Assessment Guidelines, OPPTS 860.1500 Crop Field Trials, Canada Pest Management
Regulatory Agency Directive DIR98-02, Residue Chemistry Guidelines, Section 9 - Crop Field Trials
PMRA

GLP: Yes
Acceptability: The study is considered to be acceptable.
Materials and Methods:

The field program was conducted in 2008 at twenty-two locations in the United States to quantify the
residues of dicamba and its metabolites infon sovbeans. The location of the North American soybean field
trials are summarized in Table 6.3.1.2-1. The distribution of the sovbean field trials included 2 trials in
Region 2 (GA and SC), 3 trials in Region 4 {LA, AR and MO) and 17 trials in Region 5 (2 trials each in
IL, 1A, K5, MN, NE, 5D and WI; and 1 trial each in IN, Ml and NDJ. At each field site, treatment and
control plots were established using dicamba-tolerant soybeans MON 87708. In addition fo the dicamba
tolerance trait, these seeds are also stacked with a glyphosate-tolerance trait. An untreated control plot
{Treatment 1) and the Treatment 4 plot were established at all twenty-two sites. Residue declines wials
were conducted at the JA-1 and MIN-1 sites (Treatment 5). Side-by-side plots were established at the AR-
1, -2, KS-1 and MN-2 sites in order to bridge the residue data between the MON 54140 {Treatment 6)
and MON 11955 {Treatment 5) formulations of dicamba.

For gach trial, the actual climatic conditions (average minimum and maximum air temperature, monthly
rainfalf and irrigation) were reported together with the historic climatic conditions (average minimum and
maximum air temperatore and monthly rainfall). The actual temperature recordings were generally within
normal historical ranges for the study period. The monthly rainfall recordings were generally comparable
{0 historic values. Irrigation was used as needed. Adverse weather conditions at the SI-2 site caused all
V3 applications fo be made at the V4 growth stage.

The different treatments used during the trials are summarized in Table 63.1.2-2. Two different soluble
concentrate formulations of dicamba werg used: MON 54140 and MON 11955, MON 34140 is
formulated using the diglvcolamine salt of dicamba. MON 11955 is formulated using the
monoethanolamine salt of dicamba. During Treatment 4, the MON 11955 formulation of dicamba was
apphied using a broadcast spray once pre-emergence, and once sach at the V3 growth stage (V4 at the 8D-
2 site) and at the R1/R2 growth stage, at nominal application rates of 1.00 b ae /A {1.12 kg a.e/ha),
.300 tb a.c /A (0.560 kg a.e/ha) and 0.5 1b a.e/A (0.560 kg a.e/ha), respectively. Using either Treatment
5 (MON 11955 formulation) or Treatment 6 (MON 54140 formulation), dicamba was applied as a
broadcast spray twice, once at the V3 growth stage and once at the RI/R2 growth stage, each at the
nominal rate of 1.0 Ib a.e/A (1.12 kg a.e./ha). All applications were made within +5% of the target rate,
except at the IA-1 (Treatment 4, foliar application at 0451 b ae/A or 0.505 Kg ae/ha) and Wi-
I{Treatment 4, foliar application at 0.462 1b ac/A or 0.517 kg a.e/ha) sites where application rates
exceeded the +3% target range. The pre-emergence application was made afier planting but prior to crop
gmergence. The V3 post-emergence applications were made when. at least 50% of the soybean plants

MRID 47899524/DP 384422 PMRA No. 1894534
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contained trifoliate feaves at three nodes. The R1/R2 post-emergent applications were made when at least
0% of the suybean plants were between flower {open flower at any node on the main stem) and full
flower {open flowers at one of the two uppermost nodes on the main stem). All sprav application werg
IN-T and WE2 sites. A non-lonic surfactant (MIS) (809 minimum active) was included at a rate of | pint
per 100 gallons of spray solution, exeept at the IA-1 and [A-2 sifes where NIS was added 1o all pre-
emergence treatments at 0.5 pint per 100 gallons, and at the WI-2 site where NIS was added to all pre-
emergence applications at 2.0 pints per 100 gallons. “Spray grade” ammonium sulfate (AMSE)Y was
included for all applications at 17 b per 100 gallons of spray solution. The actual application rates and
spray volumes used at each site are reported i Tables 6.3.1.2-6, £ 3.1.2- T and 6.3.1 2-8.

Soybean RACs were harvested at the typleal commercial harvest stage. Samples of sovbean seed were
harvested at maturity without the pod, at 73-93 days after the last application {DALA}Y The whole aerial
portion of the sovbean plant was cut at 7-8 DALA for forage (10 DALA at the WI-2 site) and at 13-15
DALA for hay. Samples of soybuan hay were dried in the field or on racks at the Held facility, for 1 o 10
days to & moisture content of 180 to 209, In addition, at the 1a-1 and MN-1 sites, forage samples from
Treatment 3 were harvested 3-, 7o 10+ and Td-days after the final application and sumples of sovbean
seed were harvested 7-days before normal seed harvest, al normal seed harvest and at 7- and 14~ days
after normal sead harvest, n order 1o evaluate residus decline, The "normal™ sved harvest at the MN-1
site was collected 10 days after the first seed sampling and only four days before the third seed sampling.

At each site, two replicate samples were harvested from esch treated plot and one sample from each
control plot. A mindrewm of 1 kg RAL sample was vollected for forage and seed, and 0.3 kg for hay from
at least twelve separate areas of the plot, except at the NE-1 and K81 sites where hay samples weighed
fess than the mindmum B3 kg requirement. Samples were collected first from the untreated control plots,
and then from the treated plots. Each sample was composited from at least twelve separate sub-samples
collected from different lovations in the plot. Samples of forage and hay were harvested using hand
pruners, shears, sickles and hedge trimmers. Samples of seed were harvested using & combine. Control
and freated plots harvested at the swme site were harvested on the seme day and placed into sample bags
with bar-coded labels. The only exception is that during the decline trials only one comrol sample was
harvested for forage and seed at the sites, although samples were harvested on Tour separate dayvs. The
treated plots were sampled in the order: Treatment 4, Treatment § and Treatment 6. Control and treated
samples were transported from the field in coolers with blue ice, dry ice or wet fve (encased ia plastic), or
in transport freezers, Samples remained frozen prior to and during shipment fo the analytical facility at
Monsanto Company. The RAC samples were stored frozen at the field until shipping by ACDS freezer
truck o the Monsanto analvtical facility in 81 Louis, Missourt. All RAC samples were received frozen
and in good condition at the sponsor faeility. Samples of sovbean RAL were processed or ground using
dry ice and were maintained frozen at ~20°C, gucept when a sample was removed for analysis.

Table 6.3.1.2-1 Location of the Sovbean Trinds Conducted in North America

CrapUrop Droup WAFTA Reglon Koo of Trials
Subsnitiod Mo, of Trigls Renubred
anndy’ LBAY
Rovbean/®- Legume Vegetables 2 2 - 3
{Seconlent or Dried) 4 3 - 3
5 17 12 15
# Regulatory Directive DHr98-03,
' OPPTS 801500 Crop Fiold Trials,
MRID 47899524/00P 384422 PMRA Mo, 1894534
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Table 6.3.1.2-2 Treatmenis Conducted in Residue Trials with Dicamba on Dicumba-Tolerant
Soybeans

Nominal Apphcation Hate
{expressed as dicamba scid eguivalents)
Treatment Nl_m,ﬁ.h” Formulation Pre-cmergence V3 RIR2
of bites
'i . - - -
{Control) %
100 Thae/A 0.300 b a.e/A 3500 haes/A
~ 2 N 11955 , /
4 22 MONTIOSS | 4 1o kgaesa) | (0.560kgae/ha) | (0.560keae/ha)
- e . 100 TbaelA 100 Thac/A
: b MON 11955 (LI2kgaeha) | (112 kgae/ha)
& WACYN 501 - 1.00 b as/A 108 b ae/A
6 4 MON 54140 (Li2kgaehd) | (L12keaeha)
* ARSL, L2, TA-1, K361, MN-§, MN-2.
° AR-1, 1L-2, KS-1, MN-2,

Analytical method AG-ME-1321-01 was used for the determination of dicamba and its metabolites 5-OH
dicamba, DCGA and DCSA in soybean seed, forage and hay. The full description of this methed and the
results of the method validation are presented in Section 4.3,

Soybean matrices were extracted with 40:60 (viv) acetonitrilerwater. An aliquot of the extract was
hydrolyzed in IN HCl at 953°C in a water bath, converting the glycoside conjugates to DCGA and DCBA.
The hydrolyzate was partitioned with 40:60 (v;v) ethyl acetate:isooctane. The organic phase was partially
concentrated, after which water was added. Each sample was concentrated to the aqueous remainder and
then was filtered, acidified and quantified by ligumid chromatography with tandem mass spectrometry (LC-
MS/MS) with turbo ion spray ionization in the negative ion mode, This method uses analyte specific "C-
labeled internal standards to compensate for matrix effects and procedural recovery, When the
concentration of samples exceeded the concentration of the highest calibration standard, the samples were
re-extracted and diluted prior to analysis. Due to the considerable difference in the concentration of
DCGA and DCSA in forage and hay compared to dicamba and 5-OH dicamba, these analytes were often
quantitated in separate analyses.

Method AG-ME-1321-01 was validated concurrently for all four analytes during each analysis set at
spiking levels ranging from 0.01 to 5.0 ppm in seed and from 0.01 to 130 ppm in forage. In hay, DCSA
and DCGA were spiked at levels ranging from 0.01 to 150 ppm, and dicamba and 5-OH dicamba were
spiked at 0.01 to 30 ppm and 0.01 to 0.4 ppm, respectively. A standard solution containing DCSA,
dicamba and 5-OH dicamba and their corresponding “C-analogs was spiked directly into the matrix prior
to extraction. The DCGA standard solution and its “C-analog were spiked into the extraction aliquot
given that poor recoveries were obtained with spiking directly to the matrix. This approach is not in
accordance with OCSPP Residue Chemistry Guidelines 860.1340 or with PMRA Regulatory Directive
Dir%8-02 (Section 3.3.2).

Int order to determine the LOD and L.OQ statistically in soybean matrices, additional samples of seed (n =
4-14 per spiking levelanalyte combination}, forage (n = 8 per spiking level/analyte combination) and hay
{n = § per analyte/spiking level combination) were each spiked at ¢.0005 ppm and 0.001 ppm. This
analysis was conducted at the Statistics Technology Center of Monsanto Regulatory using SAS Software
{Version 9.2). The LOD and LOGQ for soyvbean seed, forage and hay, as determined by statistical analysis,
are reported in Table 63.1.2-3.

MRID 47899524/DP 384422 PMRA No. 1894534
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Table 6.3.1.2-3 Caleulated LOD and LOQ for Dicamba Residues in Sovbean Forage, Hay and Seed

LOB and LOGQ (ppm®)

Matrix Parameter DBOGA DOsSA Dicamba S0OH Dicamba
Forage LOD 4004 $.012 G045 0004
10303 D808 013 ERTE 4,005
Hay i 35,808 {006 $.011 4.010
LA 8.813 yEu R 0414
Heed LD 0,006 0,004 018 0,014
10 011 0,003 4,013 0.021

# Ehc LA 38 thie DO, vorrespinsting to a cosfficient uof varindios of 208
The LOD and LOG are expressed ag ebeh analyte per ss.

The residue levels for DUGA, DCSA and 5-OH dicamba, reporied as the analvie per se, were each
converted to dicamba equivalents using 2 moleculay weight conversion Bctor a3 cutlined below:

BUGA MW Dicamba 22104 g/mol+ (MW DUGA 223,01 ghuol) = 0.901
BCSA: (MW Dicamba 221.04 ghmol) = (MW DOBA 207.01 ghmoly= 1.07

5.0 dicamba: (MW Dicamba 22 1.04 g/mol) + (MW 5.0H 237.04 g/mol) = 0.933

Resulis

The concurrent recoveries of DOGA, DUSA, dicambe and 3-0H dicamba from sovbean matrices are
sumnmarized in Tabde 6.3.1.2-4, Recoveries of dicamba and 53-0H dicamba from sovbean forage, hay and
seed were not consistently within the acceptable 70-120% range at the 0.010 ppm spiking level. As such,

the LOG and LOD for dicamba, $-0H dicamba, DUSA and i}i(s;”x warg determingd statistically, All the
residue data were assessed based on the calculated LOQs in sovbean matrices. This approach is
ponsidered acceptable For the purposes of this study,

Table 6.3.1.2-4 Concurrent Recoveries from Analysis of Fortified Control Samples of Soybean
RACs,

Matris Spdke Level {ppmd Sample Bize (0} Corrected Becoveries {97 Muan + Swandard
Deviation (%3

PUGAS
R 15 92, 112 BOR, ELE X3S, E38 =85
f(\”z;kgn Toh, BLT, 794, BOU, BLE,

B0, T4R, TRY, BlE, 873

0020 15 OR.5, £3.1, 8903, 95 4, 8969, 32370
9.6, 23.6, 1070, 10X.8, 104.2,
B1.0,955,84.0,87.5, 883

D050 7 #1891 877, 99.5, 123, 102, 969+ 133
2.2
11 3 §6.6, 108D, 85.1, £7.2, 923
{3,200 i G415, 112,897 0K 990, o+ 44
w59, 37, s_ TLS, 864, 101, TRD
0,400 4 569, 543, 95.4, 86,8 B32 43
MRID47899524/DF 384422 PMEA Mo, 1894534
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Matrix Spike Level {ppoy Sample Size {n) Corretted Recoveries (%) Mean + Standard
Dieviation (%)
5.00 i i1t 111
0.8 ! 168 108
250 2 96.0, 992 976
hi1RH 4 99.6, 103,117, 118 109+ 9.5
15¢ 2 128, 125 125
Soybean Hay 2 66.7, 73.7, 78.3, 79.3,64.7, 8124 110
THE 832,744, 90,2, 89.1,
0.010 96.4, 100
&:020 13 76.5, 790, 81.0, 905, 82.3, 22 +95
G1.5, 91.0, 165, 82.5, 105, 101,
83:6, 90. i
{3,950 10 519, 101,974, 852, 80.2, 104, 942+ 9.3
93.6, 106, ¢ 921, 101
£.100 3 82.4,84.3, 800, 75.4. 600 T4+ 7.
{4200 7 118, 70:8, 91,6, 79.5, 84.0, 897+ 138
88.8, 104
0.400 & 94.1, 96,8, 70.5, TR0, B30, $4.04 98
80.0
0.880 i 83 $15
10.0 2 80,772 TR
S ERE 3 928, 996, 106 9954 6.6
108 2 932,832 92.7
150 2 9a.0, 10 980
Sovbean Seed 4016 12 TIR, 853,830,781, T, 834+ 9.5
8.0, 897, 744, 740, 997,
912,755
{3.020 4 103,724, 825, 880, 915, Gda+ 113
154,953 94Q 90.1; 82.5,
106, 9*3{} 103, ‘)9 &
4,030 13 92.4,92.1, 88.8,98.2, 122, 94.4 + 146
64.4, 954,978, 71.1, 107, 141,
102, 944
0,140 4 86.9, 87,1, 901, 985 907 154
0,200 3 21.5,99.5, 665, 113,117 97.9 -+ LA
0,400 4 RR.8, R6.R, 99.9, 119 98.6+ 14.8
1.00 2 106, 137 122
5.0 2 128, 138 132
BCSA
Soybean 0.610 i3 73.8.84.5,91.6, 110,894, 90595
Forage 853, 86,7, 82.5, 89,9, 884,
20,7, 987, 144

MRID 47899524/DF 384422

PMRA No.
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hlngrin Spike Lavel {ppay) Sarmpde Sz {1 Corrected Recoveries (99 hlean £ Standud
Deviation (%%
D820 16 990, 97.2, 96,5, 84.4, 101, 858 + 84
GTH 050, 104,838, 82.4,
4.8, 84.3, 105, 107, 108, 937
CLA56 i1 WO 10, URA B4, 975, HY I8+ 0¥
QOB 1S, 183, 878,
£, 1 T 944, T4, BAUS 107, TEE, 1Y, oG+ 109
{14
.24 il FOR, TS, 13, 104, 97, 104, HIZ+ 2.8
185, 102, 134, 98.5, 106
480 4 108, 97.6, 105,107 P+ 4.7
.00 i 83,4 858
LR § 882 882
2348 2 8.0, 894 888
e 4 BEE, BLE 928 998 HIR+ I8
LA 2 101, 188 ik
Sovbean Hay RSN i 9.1, 108, 108, 124, 100,783, 44+ 158
Thd, 932, 813, 8.3, 992
$.4820 13 108, 111, 112, 91.0, 102, %045, Q70+ 183
5.2, 823,843, 102, 981,
97 1K
3,058 i BB, 09, 105, 103, 94, 9K W, iz + 3R
U6, 93, 109
8100 3 $12, 144, 1350184, 183 12449
{200 b3 S, 1062, 187, 1312, HiG 923, HE + 38
O8R4, 906
G400 8 161, 107, 110, 101, 108, 112, 106 + 4.7
904, 108
5.00 1 2.0 $3.0
Wiy 2 101, 96.3 GE.8
34 2 5 108 Hi7
§03 2 1o, 108 iy
§ 534 2 %0, 92 3
Sovhean Seed 0.010 1% S3%, 102,812, 957, 118, 114, 103+ 111
116, 104 126, 98.4, 93,7, 12
0020 i4 113, 945, 104, 114, 118, 945, 104+ 4.7
GRE UBE 110, Y12, 819, 975,
030, 958
3,050 14 P15 108,101, 191, 964, 189, 5+ 88
F33, B %iﬁx’% IR, 99, 106,
$4, 116
Y 4 NS ETES L Pi3+2.1

MR 47899524/DP 384422

PMEA No,

1894334
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Matrix Spike Level {ppni} Rample Size (n) Corrected Recoveries (%) Mean + %‘tandard
Deviation (i
{.200 3 116, 104, 99.0, 102, 105 5468
5.4068 4 118, 107,99, 1403 167 +82
1.00 2 999 111 1638
500 2 964,103 o7
Bicamba
Sovbean I3 13 38.7.632, 1378, 7, ﬁ&.ﬂ?, 84,3 + 2708
Forage 80,8, 65.7, 92.7, S 932,
110,121, 874
04,020 15 106, 91.5,776.5, 99,5, 107, §1.2, 9324+ 168
101,716, 774, ?:;E) 0,775.0,
79, 4 mz, 126,118
0030 i 108, 113,932,894, 84.7, 105, 98.0 + 107
97.2, 100, 81,2, 108
3100 7 112, 113, 82.5, 103, 107, 112, 1074117
118
0.200 1t 91.5, 102, 88,5, 112, 90.0, 99.3, 997+ 87
106, 92.7, 114,104
(400 4 95 4. 9535, 117, 126 8+ 145
5,00 H 842 89.2.
0.0 § 90.3 90.3
280 2 88.0,90.8 9.4
S0 4 8RO, U6, 882, 119 8995 +137
150 2 117,322 126
Soy‘be‘an Hay 0016 12 761,808, 115, 131, E 2 106, D48 + 374
92.8, 119, 70.5, 358, 753, 123
0028 13 958, 102, 123, 100, 99.9. 931, 94,8+ 13.0
101, 72.5, 85.1, 102, 77.0, 83.5,
973
4054 i TI5, 116, 116, 92,5, 97.7, 95.0, 104 + 106
95.6, 106,914, 119
£.100 5 104, 106, 109, 98 4, 97.4 103+ 5.0
£.200 3 FO8, 125, 100 11+ 126
£.400 3 F13, 117, 118 116+ 26
0.0 2 18, 117 113
Soybean Seed 0,610 12 73.8,94.8, 33,3,66.2, 68,1, 837204
86.9, 104, 66,8, 90.2, 5.5,
94.3,126
4.020 14 82.0, 81.0,93.0. 101 102, 84.0, 941+ 11.3
TOA, TS, L, 94,9, 108, 100,
130, 103
MRID 47899524/D0P 384422 PMRA No. 1894534
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Belutrix Spike Level {ppm} Sumple Sixs () Gorreeted Recoveries (%9 Mean £ Sandard
i}mxcmt\n 34 o
{1,050 i4 918, 105, 112,942, 108, 971, 984 + 9.4
978, 97.9,80.2, 886, 918,
95.0, 4, 114
£, 100 4 108, 103, 109, 968 152+ 54
L300 3 9.5, 106, 100, 101,990 993 +
e Y 4 VLG, AR, 108,903 I +3R
F40 2 12, 113 157
300 2 90.6, 101 D84
500 Dizamba
Sovbesn EL1G 17 Sl TRE 68T BIL TR, $dot 12,5
Forage R13, SE 2,754, 875, 78,
GLD, 813, 104, 107, 854 930,
875
1020 1% 875, 90.7, LI BB LS, YIE TR
98.5, 875, 94.5, 108,910,
933, 94.8, ‘}m; %Xﬁ? %2.9,
G, T3, 108 W0
L{R 1t i FOT 1Y, 101, 880, 99,6, 99,4, 101 8.1
112,928, 958,970
0,104 ki SR 101, P05, 996, TOE 108, 4.+ 3.6
20‘9
£1.306 & 934, 103, 116, B0, %64 HEEE R R
(A0 2 983,112 113
iy P 1S, 113 o9
154 2z 13,423 118
Sosybean Hay 4010 13 3.4, 73.5, 785,81 645 + 19.5
£1.3,60.3 13.1, 73
49,7, 847, 818
{020 14 B8R0, 925 950, TRS, BUS 611112
4.4, ‘24%} 4.5, WLy, ’? HER
G5, 9240, R0, v,
0050 i Q5.8 108,982, 101, 1O, 143, GHE 5T
99,0, 93.0, 105, 104, 36.6
LS & P2, 103, 104, 107, 100, 104 103+ 2.3
200 2 111,973 104
(3.400 1 163 12
Sovbean Secd G40 £3 TOLLBRS, H1LE, 87, 28, F23+ 322
934, 128, B3T, 46,2 816, 542,
128 718
gt iz TG, B 625 910, 117, 118, LR A
126, 9.0, 92, TR BRG
QLY TO0, 181,928
MRID 47809524700 384432 PMEA No. 1894534
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Matrix Spike Level (ppm} Sample Size {n) Corrected Recoveries {9 Wiean + Standard
| Deviation (%)

2050 5 92.8, 101,99.3, 96,0, 117, 97.0, 935+ 1035
§6.0, 946, 74.9, 75.1. 874,
94.8, 964, BEY, 86.6

0.100 4 109, 113, 116, 164 1+ 52
0.200 & 88.5, 101,915, 117,990, 99.0 993199
(.400 4 97.5, 104,930, 94 8 973448
1.46 1 14 104
500 2 108, 112 111

Mecoveries outside the 70-120% range ave tndicated in bold text,
“hfean recoverios outaide tee 70-120% and standard deviations »20% are ndicated in bold text.
DCGAand its labeled internal standard were not spiked directly 1o the matrix

The storage period of soybean samples during the field trial study are summarized in Table 6.3.1.2-5,
Soybean samples were stored frozen for a maximum interval of 293 days (forage), 284 days (hay) and
177 davs (seed) for DCGA; 280 days (forage), 284 days (hay) and 177 days (seed) for DCSA; 279 days
(forage), 284 days (hay) and 177 days (seed) for dicamba; and 279 days (forage), 284 days (hay) and 177
days (seed) for 5-OH dicamba. Selected forage samples from the Proctor, Arkansas and Montezuma,
Georgia sites were re-extracted and analyzed for residues of DCGA, DCSBA, dicamba and 3-OH dicamba
in August 2009 to resolve discrepancies between field replicates. The storage interval for those samples
was a maximum of 400 days. Residues of dicamba have been demonstrated concurrently during a
previously reviewed sovbean field trial study (PMRA No. 1640670: MRID No. 43814101) and a
processing study (PMRA No. 1640657, MRID 43814102) to be relatively stable during freezer storage
for approximately 4.1 months in forage extracts (dicamba, DCA and 5-OH dicamba), 3 months in seed
extracts (dicamba, DUSA and 5-0OH dicamba) and 6 months in the seed RAC (dicamba). Given that
samples were stored frozen throughout the study and the available data demonstrating the stability of
dicamba residues in soybean matrices, there is reasonable expectation that residues of dicamba were
stable in soybean matrices during freezer storage.

Table 6.3.1.2-5 Storage Period of Soybean Samples

Miatrix Storage Actual Storage Duration from Harvest o Analysis®
Temperature o
{(Days}
Q) - ‘., . -
DOGA DCSA Dicaniba 3-0OH
Dicamba
Forage ~ 2} 12110293° 1212807 124279 146-275"
Hay 144-284 144284 144-284 144-284
Seed 31177 31177 31177 3T

# The analysis of samples was conducted within three days of extraction.

. Selected forage samples from the Proctor, Arkanses and Montezums, Georgla sites were re-extracted wd analyzed in
August 2009 to resolve discrepancies between field replicates. The storage interval for those samples was.a maximum
of 400 days.

MRID 47899524/DP 384422 PMRA No. 1894534

ED_005172C_00001759-00042



Page 11 of 24
Dcamba/Divembe Todorant Soevbeans- Besidpes

The vesidue data from the trials conducted using Treatment 4 are reported in Table 6.3.1.2-6 and are
summarized in Table 6.3.1.2-9. Residues of DCGA ranged from 0.356 ppm w0 5.90 ppm in forage, from
0.167 ppm to 7.26 ppm in bay, and from <0011 ppm (<LOOQY 1o 8,135 ppm in seed. Residues of DCSA
ranged from 8.92 ppm 1o 51.3 ppm in forage, from 12.2 ppm to 61.1 ppm in hay and from 0.010 ppm o
0,440 ppm in seed. Residues of dicamba ranged from <0.021 ppm (<LOQ) 10 2.62 ppm in forage, from
<1014 ppm (<LOG) to 116 ppm in bay, and were non-quantifiable (<LOG; <0.013 ppm) in seed.
Residues of 5-OH dicamba ranged from <0.003 ppm {<LOC) 1 8.009 ppm in forage, and were <LOQ in
hay («<0.014 ppm) and seed (<0021 ppm).

The residue data from the trials conducted to bridge the two 80 formulations MON 11935
{mwnethanolamine salt of dicamba; Treatment 5} and MON 54140 (DGA salt of dicamba; Treatment 6)
are reported in Table 6,3.1.2-7. The residue profile in sovbean forage, hay and seed is similar following
treatment with the two different formulations of dicamba,

Residue data from the two decline trials are reported in Table 6.3.1.2-8. In forage, residues {mean) of
DOGA and DCRA decreased over the sampling period, Residues {mean) of dicamba in forage from the
1A~ site were low af 3 days after the last application (0,082 ppm) and were <LOQ (<0021 ppm) at sl
subsequent intervals, At the MN- site, residues of dicambs {mean) in forage decrgased over the sampling
period. Residues {mean) of 5-0H dicamba in forage, although low, decreased over the sampling period
from 0.007-0.008 ppm at the 3-day PHI to <0.003 ppm at the 1-day and 14-day PHIs. In seed, residues
{mean) of dicamba and 3-CH dicamba were sach <LOO at gach sampling period. Therefore, no
sonclusion can be made regarding residue decline of these 2 anslvtes in seed. Restdues (mean) of DCGA
and DOSA in seed af the A1 site did not change over the sampling period. At the MN-1 site, residues
{mean) of DCGA and DUSA in seed decreased stightly by the end of the sampling period.

Residues of DCGA, DOSA, dicwnba and 5-OH dicamba were generally not quantified (Lo, <LOQ}in
untreated control smmples of sovbean forage, hay and seed, except for residues of DUSA in one forage
sample (L0165 ppm; sample # REGOBO96-00327, K52 site), residues of DUSA s two hay samples
{0.0128 ppm; sample Mo, REGOE096-00674, WI-2 site and 0.01 13 ppm; sample # REGOB026-00584,
MN-T sitey and restdues of dicamba in one forage sample (0.0441 ppoy sample # REGO8096-00426, 51
2 sie). Restdues of DUGA were detected in one forage sample (0.0423 ppmy; sample # REGO8096-004245,
8132 site) and residues of dicamba were detected i one forage sample (0.0168; sample #REG0O8096-
DO38E, ND-1 site).

MRID 47899524/DP 3844272 PMRA No. 1894534
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Table £.3.1.2-6 Restdues in Sovbesn Baw Agvicultars! Commedities Following Three Applications of the 83C Formulation MON 11958
{Munoethanolamine Salt of Divamba) from Trials Conducted in the United States during the 2008 Growing Season {Treatment No. 4} A
Mon-donie Surfactant {NIS) and Asvwoninm Sulfate (AMS) were fncluded in all Sprav Applications

City, State Hate/Spplication Crowth Residues (ppm?
and MAFTA | . o Applicativn Stage at e g g B o S g 311
Region | OVTUBEON | iMfethod | MhaeoA | GPA | kgaeha | Liks Each Matrix | DCGA BOSA | Bleambs | Bl
{Trigh No.} Application
Procior, BAOM ISR | Brosdoamt IREE 02 142 18% Prie Fomge 193 218 651 G007 #
Arkansas, Bsiteg ot 1.76 {86 L0358 RS
Region 4 o v o <
AR 3 Foliar T B B U B TR R
193 a2 048 <B4
3 Foline 4300 .3 568 198 Ri Hay 246 397 8.052 {1014 14
{0.010)
<3811 0.4134 <013 «{y 2l
Seed {0.008); 0.047 <R3 <021 &
<1
{H008Y
Monteruma, | MORN TESE § 1 Brosdoast R 4 204 1S R 14l Prom Porape 4,63 513 <3021 HEELE S
Ugorgla CHEELROT 350 484 .02 ERELT
Raogion 2 S
{GALY Blay G438 §2.2 {1414 i 014 i3
$.374 134 <fLO <314
3. Foliwr $A%E AL 3,538 187 Y3 Riged 0136 437 IR R L83 7
oy T : pagh T {1133 8440 <813 LR Ees
3, Foligr {1458 19y 4558 186 RIWZ
Richiand, MON 138 | 1 Boondoast 141 187 L3 184 Pres Fuorags 134 4.} AER TS {3,008 ¥
fowa LENSTEENOY .5 4.2 <8321 <003
Region 5 {004y
AT, : o
Ha- Hay 374 304 <414 REERA} i
362 321 G014 <14
2. Foliar 0451 202 &30 189 W3 Sowd ¢.0312 D082 =013 ESiRing Rig
: o . : G013 3014 “.013 “£.021
3. Foliar 507 198 0.568 185 Bl
Hedrick, MOM 119838 1 1. Broadeast £.995 0.0 1.4 187 prg- Forage 51 1§81 Qs <405 S
fowa SN ZURCE 72 HyZ {.030 <3003
Region 3
(1A-2}

MRID 47800824/000 384422
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City, State Rate/Applicativn Crowth Residues (ppm)’
and NAFTA | Application Stage at e _ 5-0H PHI
Region | ©OMMIREOD | o Gnrethed | IbawiA | GPA | kpaebs | Liha Each Matriz | DCGA DESA | Dhwambi | Blams |
{Trial Mo Application
2. Folisr 516 H2 4578 189 W3 Hay 530 235 §.426 <f) 14 14
578 343 .21 011y
<0014
{0,010}
3. Foliar £ 5451 186 {1501 183 Ri Beed 0.018 G012 RURIE <831 g3
IRITE] $.08] <113 LRI
RACKN FIRSE . Broadeay HR 83 §.32 [% Pros Forage 136 3% <82 <005 7
LnergRnee 178 134 {02y IR
e : : {Lo2e
2. Fohar .54 piin {1,564 148 Wi
3. Foliw 0.449 19.7 0358 184 RI/R2 Hay $.416 0.3 0,027 <014 i4
0.761 218 0032 | <hoI
Seed R 807 <813 REIR IR 53
<i3814 LRI <H AR B {121
; 3
Carlyle, MON 11935 | 1. Brondoast L3 203 1.15 9% Pre Forags 1.95 133 gAY <3003 %
Hiinois SR 219 141 <3021 <6005
P 3 Foliar CE ST T R T 195 TV Hay KE H BT YT i3
R b.41 158 <014 =5 {114
3. Foliar &304 PR {550 185 Ri Reed G025 448 B3 <L 74
@024 6050 1 <0013 | a3l
Rockville, AN 11033 i. Broadoas 0 82 12 2.5 Pro- Forage 220 ER 1H {2.008 H
tadiana b ehbe gttt 2,22 130 L3 2.009
Region 3 - - ,
(1) Hay 641 324 0.283 ] TeaG1d i3
' | ‘ 462 LR 0,294 <414
2 Pollw 4590 198 {555 186 Y3 Beed D438 <013 “f4E 73
G051 <0813 <021
i Foliar 0491 184 0.550 176 | Rl ?
Cunnpingham, | MON JI935 | 1 Broadeast 0,987 WwH b1d 187 Prize Forage 12 19.0 <(.02] <4065 &
Kagysus gEETgene taw 1.6 <021 {003
Region § ‘ :
Koh Hay (K1 483 B <6014 14
’ i 148 449 G417 <{ii4
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¢

City, Btate Rate/dpplication Crowth Residus {pomy
and MAFTA | . . Application Siape at frpri g b _ . ‘ s-oH P
Hepiun Formulation Mo Method LR 2 GRA ke a.aha Liha Fach Matrix broa pesa Dicainbia Bicams éays}
{Trial Mo} Application
2. Foliar 0489 24 .548 H V3 Sexd (LRI 024 813 <0821 45
<611 R <3 4113 <3021
- - .00%)
3 Foller {508 212 #5369 WO RY ¢ 4
Fadson, RO 11933 | 1L Brosdoasy 1 204 i.i4 fal Pros Forsgs 218 T {1 <05 ¥
Kansex LMITEEDEE .58 233 <021 <83 3%
Ropion 3 - . o . e
KR Hay 146 3y ga2l <0014 13
' ) 1.3 369 4007 <1314
2. Foliar 493 187 0552 i34 Y3 RIS 0.016 G013 w013 <41,021 gt
.41 g.016 <(LO13 =<f3.02]
3. Feliar R it £4.380 194 RUR2
Washington, | MONTINSE 11 Broadomu .5494 284 §.11 185 pree Forage 22 192 RSN <TO03 7
Lanisiang LORETEEnEE 208 X 8097 $.606
(LA-1) 2. Foliwr £.492 213 .55 144 ¥3 Hay 2400 457 g.043 <014 14
o 1.83 4.5 §. 108 <3314
3. Foliar 0,537 2.0 0568 187 1R Seud <3 LR <103 {1,421 83
{0.006) G017 <013 <43,021
<101
{1.006)
Clonklin, RO 11938 | 1 Browloast 1.4 197 132 154 Pre- Forage 1.29 114 Bgzs {4,006 7
hichigan cinerpency 1.36 B9z ERi HELiY
Reglon 3 2. Foliar H.3064 g R 186 Vi
{24113
’ ’ 3. Faliay .40 198 (558 s RLRZ Hay 346 2z 1.1% <4 13
239 1.1 (L858 LRI N
014
Bgied 0.061 ] <0013 <0021 83
30558 (.096 <3 <1021
{0.014)
Catpbell, R 11933 | 1 Broadosst HRSSY 40 18 ¥4 187 prg- Forage i3% 0.202 <3805 ?
Minnsseta Lergence 5 4.3 156

MRID 47899324/00P 384422

PMBA No
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City, State Rate/Spplieation Growh Residues (ppm)®
and NAFTA | . Application Stage at e ek . - 01 PHI
Region | POVmUIation | o ntethod | IbawA | GPA | kgaeks | L/ Each Matrix | BCGA DUSA | Dieamba | Dieams | pove
{Frial N} Agplivation
Ragion 3 i (0%
(MN-1) N o 5 . e .
2. Foliar .50 2040 #3561 187 | V3 Hay 231 0.021 6014 14

196

IR
{0.0135)

“(034

3. Foliw

FaRY

561

R

Seed

3.543

<0013

<HOTY

Fergus Fallg,
hinneso
i%&tgmrz 3
(MN-2)

MON 11853

. Rroudess

1.0

142

SHECTRENK

HR 24055 <613 IO
Forage 2.36 4.9 D278 EELEEE 7
243 14.3 {368 <RI
Hay 200 44 0,085 <4014 i3

4

5328

R

2. Foliny

w
A
oexg
2

ey

&
pe
o
¥

3. Foliar

R

e

b
i
ey
-

{1048
4.054

<5013
<813

<fG2Y
<851

Fisk,
Missour:
Region 4
{MO-1}

MON 11953

. Hroadeast

i

£.995

19.9

.1t

Pri=
MmN

Forage

1156
381

182
16.3

D63
063

(LDG6
“0.00%

2, Follar

{564

189

(=3

. Fodiar

0.367

18%

RI/RZ

Hay @763 ES R <0034 <014 15
G708 EAR 14 <33 it 4

Send #4014 a0 <TRE3 <4421 81
xR §.0%6 <B413 <dh021

Carrington,
Plorth Paboss
Region §
[ND-1}

MOKN 11933

L Bmadoast R 1) 20.1 142 188 Priw Foragse 3615 133 G302 <EL A ki
SETEENES 844 157 {1,288 <3403

2 Poliar {1500 LG 50 £87 Y243 Hay .72 IH6 EAr 3] {034 14
4,78 2.l 0128 < {14

3. Foliar {.308 Wl 565 188 Rl Seed 3.048 .03% <013 =izt 87

(.041

0.851

<{LH13

{021

MRID 47809524/0P 3184422

PMRA No.

1894534
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City, Hate

Rateldp

Hication

Gerevvih

Residues {ppm)

and MAFTA | . Application Stage 4t - " " o 5O I
Repion Formwlatinn | o it ethad Hr 5.8/4 GPA | koaeks | Lk ¥ach Muatrix BLGA BLsA Dicamba Dians Days)
{Trial Noj Applicativn
York, MON 11953 i, Rrosdeast 11 203 £.13 188 Prie Porsge §.32 127 0350 HEEE S 7
Nebraska engrgRnee 139 123 s CHLBS
Region 3 {13 4
m?ﬁ?: 3 Fotiar 5302 e T TEsE TV '
i Foliar 3.500 2040 4.560 187 D Hay 1.31 334 283 <84 i4
1.49 375 §.288 wih 4
Beed £1.4034) {1028 Lxi2thg g7
G429 0.026 REIEEEY
Useeoly, MOM 11955 | 1 Broadoast 4.479 19.5 [ 183 Pro- Forape 1.53 138 (0,043 0G7 8
Mebrasks EINErEence 185 139 0,059 .06

Region §

(NE-2)

3o Foliar

{.500

PREY

{4,568

¥3

334
161

378 <014
385 R L

<0014
<014
{001

Seed HO13 4.02% {013 (L83 &h
T Foliar 0508 01 556 148 BiR $.016 B.032 <fhG13 4R G2)
Bk, South MON 11955 | 1 Brosdoas {1994 02 112 18y Frpw Forage 238 19.8 068 0 7
Carnding SRS 09 193 R1 <45
; Ty B.167 354 YT T i
G478 352 HEREAC <144
3 Folisy R 206 0336 143 Wi Keowd {1,011 Qe <313 Rei21xg] 88
v e s P <08 HET22] {3313 “{y4ke}
3. Pobiar £ 383 199 f1.363 186 RIRZ

Centerville,
South Dakota
Reglon 3
£SD-1)

BACKN 11835

. Broadoagt

3973

ti%

e
e T TN

Forage

164
pECH!

o]

12.8 2
150 '

[2¥

¥

3!
.

O

ol
ik

b
2

{1004
0.006

= ]

2, Faliar 4,493 9.7 0.554 184 1 V3 Hay 4.43 1863 150 <0014 i4
174 152 G961 w014
3, Folir 1,496 19,8 0.556 83 | R2 Keed 0.056 132 <13 <3031 7

0.051

&.1ie <013

0421

MRID 47899824/ 384422

PMRA MNo 1894534
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DricargbadTivamba Tolersn Soybenns- Residues

City, State Rate/Spplicativn Crowth Residues {ppmi’
and NAFTA | .. Application Stage at — . . - 5OH PHI
Region | FOVTRISR L ntethed | WaoA | GPA | kesehs | Liw Each Matrix | DCGA DESA | Bieambs | Dicawa |0
{Trial MNoj Application
Rrition, MON 11855 | 1. Broadoast {1.9%4 9.9 112 1R% Pre- Forage 274 69 (.433 4.006 7
South Dakota ST 1.83 16.3 {1437 £.005
2. Poliar 8,502 Hib §.5362 iR7 ¥4 Hay 198 EHERY 0.663 <34 %
187 PR {434 <814
3, Poliar {561 208 f1.561 1R? Rt Sueed <11 4046 “{1813 <R BE
<q1{11 {080 <5813 <621
Exeluvan, MU TIREE | L Broadeast 9493 9.6 3 HEA Pra- Forage 347 ¥ @555 3.5 7
Wisconain SIISFEENCe 394 3 0,864 {004y
Region § <1405
(WI-1) (0.604)
2. Folar §.463 18.5 8317 173 V3 Hay 237 318 8,156 <1014 14
2.43 325 8214 <H 014
3 Poliar A% Ml {358 IR BIR2 Bewd 8074 ARG 013 <f3.021 B8
{064 8478 < {113 < {123
Fiivkhurg, M 18RS L Browdoast §.503 2L 4563, 195, Pree Fuorags 1.68& 187 44570 <G08 Y]
Wisconsin f.3007F 198 | D588 186 CETEEROS 192 152 457 (T
Region § .04
{Wi-2} — . . : : WY : , - S . o
2. Foliar 0.511 KL 0.372 3.4 REAL] Hay 712 6.3 318 <4314 i3
726 611 4,153 <d3014
3. Folwr $.4%8 03 $8.538 150 BIR2 Heed <3013 §:013 (i3 =B 9K
<11} 8010 <1013 <021

*Concentrations of the individus] analvtes are reported ss dicamba equivalents using the molecilar weight conversion factors 0991 (DUGAYL LOT (DUNA) and 0933 (5-0H dicamba)
Forresidue values ~LAMY, the valpes detected s dnohuded in bragheiy
*The apalbyiiosl method used for quantitation wis not valideted Tor DOGA m per cwrvent roguintory guidelines.

MRID 478095 24/0P 383412 PMRA No. 1894334
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Table 6.3.1.2-7 Residues in boybean Commodities from Trials Conducted to Bridge between the Two 530 Formulations MON 119558
{Monethanolumine Sall of Dicamba; Trestment 5) and MON 34140 (DGA Salt of Dicambs; Trestment 61 A Nop-lonic Surfactant and
Ammonium Sulfste (AMS) were incloded in il Spray Applications

City, Rate/ Application Residues {ppm}®
State pud fernwth p
MAFTA Application Biave al . e Y
Region | Fovmulation Ngﬁmemﬁ B el B aa fﬁirh Matrix BOGAY BOSA Bicambs Pivama i
{Trial LR L s” setha | Applicstion {Duys)
Mg}
Pracier, BAC i. Foliar {.99% 83 132 9% V3 Fordge 234 434 &174 X151 7
Arkansgs, | 11983 o o e - . v T88 387 RS .01
Region 4 2, Faliw 0.99% 0.3 112 e 1R .
(AR-1) 529 89.9 6.153 D027 s
i Hay 4.9 763 112 .03
(4415 4876 LIRS <821 g
Sead G018 0062 {4813 R R
B ol .00 i .12 154 Y3 Fosrsgon 3141 §2.3 83138 4821 3
S4140 N 3 IREE] 0017
Hay 4485 a4 4138 23 £5
2, Foliar 1 e 23 1.12 fof 1 R .37 393 .37 HEHEX:
Bewd 3023 R <B13 <021 &%
D422 0.073 =413 <G00
Carlyle, MON 1. Foliar 0,992 2.4 P11 191 V3 132 331 .30 4807 8
fiinois 11935 Forage 1.36 33.3 (LO32 2.007
Raoglon 3 1.2% kLR .48 <(3.114 13
¢ik-2) 2. Folisr gade 1193 IR 182 | R} 2:31 364 3416 0,014
Hay
262 {4,133 <3 4EE <521 74
Regd 66 8117 SRk SRO21
ALY i. Foliar i T 1.13 154 ¥3 3889 4 8027 {1115 &
Sof 1440 Forage 967 261 <431 {00y
{LO00w PRLES
4. 34 23.0 £y {414 <014 13
2. Fuligr 1.4} 201 1.43 188 21 217 339 {0,005, <014
Hay <{h{d
0137y
Seed $.057 £.300 <G A (L9231 T4
#063 o110 wip iy <1321
MRID ATRO9524/10P 384422 PRIBA Mo 1894534
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Civy, HatefApplication Residuss {ppw)’
State and Growth -
IAFTA o Application Stage ut . i 141
iﬁgﬁﬁ Formulation| (00 iod | b U T Fach Matrd | pegar DUsA Dicamba Dicama i
(Trial aefA 1 a.edhin T ] Application {Days)
Ha)
Comnings | BION 1. Foliar {985 28 1.1 193 1 V3 3.1 (024 <8008 4
B, LA Forage 1 5759 <621 (B,
ansas £4.904 (00205 | G007
ion 3 2. Folier 142 314 .14 W 1R 4758 137 G040 {1 iid i4
Hay 308 137 L4338 3014
R} §.024 ~I34313 Reitind 93
Need .03 (3.048 Exi 13 8 <0021
MO 1. Foliar {1988 WH it 193 Vi Forape R 528 <1021 < {1005 &
54140 1.00 459 (0.610); {004
{32 <003
(G015 {00043
Hay 364 143 §442 <314 i4
. ; - 345 136 DA 018y
¥ Foliar TR TR T TR D614
(.81
Seed RS £.54% 334113 G5
H02t 52 <G
Ferpus PON i. Foliar LG RAERY 8 4 1¥7 ¥3 i FPorage 4.4 278 544 <{.005 7
Fall F1asss 404 309 1799 (6.004y;
Minneaota , §.00%
Region 5 2. Foliar X8t 21 38 ir4 144 R Hay 5.8% 212 8250 %3084 18
EMINT} 5.892 96.8 £.291 <54
Need R 8.163 £33 <3821 &
#3232 2,154 <3183 <21
O i Folisr LREL 2.3 132 1HE Y3 Forage 4.7% 356 118 B.O07 3
B4 140 : 321 372 1.4 8.808
2. Foliar L4 2Ush |38 4 187 R Hay 634 iz 23609 <014 13
H. 78 161 32 {3y
<0314
Need 138 (.204 <013 <3124 78
317 0179 <8013 RURIES

*Concentrations of the individual snslvtes are reporied 4s dicambe eguivalents wang the molecular weight conversion fictors 6.981 (DOGA), 107 {DOSAY and 0.933 {5-0OH dicamba),
Forregidue values <LO0, the valnes dotesied wre nchaded i brackets.
* The analyitics! method wsed for quantitation was not vulidaed for DOGA s pir surrent regulatory guidelines.

MRID 47899524/DP 384422 PMRA No, 1894334
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Table 6.3.1.2-8 Evaluation of Residue Declive in Soybean Forage and Seed Using Treatment 5. A Non-lonic Surfactant and Ammonium
Sulfate (AMS) were included in all Spray Applications.

City, State Rute/application Residues {ppm)”
‘aﬁd Growth
e . .| Application Stage at _ . 500 PHI
NAFTA  Formulatien] PV " Matrix Prees AD N— Dricas
Region Ne.Method | pgo/a | GPA | kgaesha | Liw A _Zi"?wh_. ncGa BesA Dicamba e (Dags)
{Trial Mo.} pplication 3
Righland, MO i Foligr 0.979 20.2 j it 189 W3 Forage 5.88 49.1 0.04] {3,007 3
Towa 11953 4.590 45.7 (1073 0.007
Ragion 8 {meary =339} {rean {mean = {mean =
{IA-1} =474} .082) 8007y
283 277 <0021 (3.005; 7
A 28.0 (0.614); )
%83 {mean = <{1:021 ;g(?é}f
(mean = 2.83) 27.9) (0.015) (0.004)
{mean = {fean =
<0.021) 0.005)
256 239 <21 RS Hi:
556 278 {00205 <005
e {tear = <0621 {ean =
{rocan =2 56) 259} ({G.010) <0005}
{mecan =
<0021
1.86 14.3 <3021 <005 14
1043
185 15.0 (0.003) <0003
e <002
{mean =186} ?12&};‘ 0.021 {mzap =
{0,004 <{H005Y
{mzan =
<0021} |
2. Follar £.998 21 112 188 Rl Seed (1024 A28 <013 73
§ : (k{12
409 - 0.019 (0.003); 0021
{mean <013 <{1.421
(mgan = SRS {0.603) {mean =
{1,024 {mpan = “ra2iy
<{L013%
.07 AR G013 <421 80
0617 £.020 <413 <421
¢ {mear = {medn = {mgan =
0.420% <1013

MRID 47899524/DF 384422 PMRA No. 1894534
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Fage 21 ol 24

City, Stale Rate/Application Residaes (ppm)’
and Agpplication g;;{;:*ii 540H
g;ét;i? Formulstion Mo bethod | 35,0000 ORA kgaedha | Libka Each Matrix GAt PCRA Bioambe PHegms vi’ii\i\.
{Frial No.) ) Appheation {Bays)
{rmean = 017 RELREEEY
O K ¥
D2 : £0.005Y;
e {rrasan = <5013
0.023 0020 | (mmean = <0021}
{ meenn A
B4
R {20 7 CEARES <021 4
. 04820 (0.002); < 024
0026 {mgan = <{3,013 {rnean =
frneutt = 8019 {1003 G031
B {mean =
< 1%y
Camphel], BN 1. Polier 4.998 it 1.1z 8% Y3 Forape 2.4 2084 108 LRI 3
&innesoia [ 550 2 33 8.758 R
Reglon § fmean = 2921 1 Omoan s {rpesn = {imean =
(N1 34.33 419 3.008)
341 26.5 4485 {0007 7
5w 24.3 4373 <} (S
e {inoan = {moun = £3.004)%
IR}
2801 34 043 < B0E e
y e 3 W 046 RG0S
L.58 {mean = {mean = {mgn =
fenenn w3 80) 22.2) 0.046) {0053
.54 165 <R3 i3 B0E 14
- 96 ROy SiRE A
A {roean = {1021 3
imeu = 1.65) 1394 3 {Q‘f}i f}} <ELB05)Y
(e =
R ARIPEY]
Siead 4,081 QAR <013 (1021 75
o ghing ey
o074 p ?jg ‘f {'{:?i“? 4 wm
{rapsn w <1313 {pruoan

MRID 47899524/DP 384422

PMRA No. 1894334
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Dicamba/DHcamby Toleret Bovbeans Residug

City, State

Rate/ Applivation

Residues {ppm )

wnd Lrawth
Myl o Application Stage 2t " 500 PHI
NAFTA  Formulation 070 . Sairix L oo Fom i
R@:gig;} Mu/btethed i sedi LPA k& 2.6/ iiha Em;isﬂ BLGA BLSA Dicamba e Bays)
it W Applivation {Baysd
{Trial Mo}
{mean = GOE 5. 800 R X g
080y fmean =
<813
§.060 (078 i3 85
- {074 i g <1421
B.035 fmean = b
{nean = 0.075) <4021
(LO5%)
3. Foligr L 201 1.13 (B R 0081 Q082 <0813 LRI 92

(.076
{mean =
4.879

{(L.003);
=013
RG]
{rsan e
AL EY
REERIE K
{38681
{Imcan <313
LT {mean =

E2iRisg)
{menn =

<021y

{L.0RG

{miean =
00813

D472
G471l

4073
8071

<3821 fepd
.01
{imegn =

BEiRiS S

oneomirations of the individual anady
Forrestdoe values <LOQ, the valves dotected are tncluded in brackets.
¥ The analytical method usetd for quiriitation was not validuied for DUGA as per nsrront ropulniory geidetn,

MRID 47899524/DP 384422 PMEA No, 1894534
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TABLE C.3.1.2-% Summary of Residue Data from Crop Fiedd Trials (Trestment 4) with Dicamba

Commodity Totat spplic. | PHE Residue Lovels®
Rate {davs) .
{ppra}
b arl/A " - ;
) Min. M. HAFT fdedian kean Sid, Dev.
(kg nedbad . o
(STMARY] (STME)
BUGAY
Furage 196204 N1 44 4,356 (X 527 193 T 1oz
Hay (A28 S 44 0187 726 719 200 366 181
Reed TA98 44 <0011 | 0133 0131 B.017 0032 {.025
BESA
Forape {86204 T30 44 B9 313 54,4 154 10 R.0D
Hay {209-238) 1yaa3 44 122 f1.1 0.7 319 322 112
Seust TIOR 44 a.016 .440 DAY e .03 GaE
fHeambe
Forage {208 1 il 44 G 362 247 {06k G374 0603
Hay (219228 | 3.5 44 <014 116 1.0 0.051 $.130 ¢.216
Seerd ' 7398 44 0013 ] <0013 | <0013 | «n0i3 | <0013 0
5434 Heamba

Forage V06204 1 10 i3 “DO0E | 0009 8.009 DS 006 a0
Hay {2A%-138) s 34 SOt ] S0 | <opie | <0014 | «<b0i4 | <hotd
Seed I8 44 AOIE ] <0021 | <003 | <00 | <0021 | <002)

oncentrations of mt: inlividunl sosbytey are reporied as dicambe m{mmimf@ using the moleculer welght conversion faoary
G091 (DOGAL LO7 (DUSAY and 0,933 (5-0H dicamba). For residue values <LOG, the respoaive LOQ was used for all
sratistival cale uimosm

¥ The analytical method used for quantitation was not validated for UCGA as per current segolatory guidelines,

MRID 47899524/D0F 384422 PMRA No. 1894534
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Conclusions

A total of 22 wials were conducted in the United States in order to quantify the residues of dicamba and
its metabolites infon dicamba tolerant sovbeans. The maximum residue in sovbean RACs following
Treatment 4 was 5.50 ppm {Torage), 7.26 ppm (hay) and 0,135 ppm {seed) for DOGA; 51 .3ppm {forage),
61.1 ppm (hay) and 0.440 ppm (seed) for DUSA; 2.62 ppm (forage), 116 ppm (hay) and <0013 ppm
{<L0O0) {seed) for dicambay and 0.009 ppm (fwaged <0014 ppm (<LOG) (hay) and <0.021 ppm
{<LO0 {seed) Tor 3-0H dicamba. The results of the trials to bridge the MON 11953 {monethanolaming)
and MON 34146 (DGA salty 50 fonmulations of dicambe indicate thal the residue profile was similar for
hoth treatments. The results of the two decline trials indicate that residues of DOUGA and DCSA did not
change significantly in seed over the sampling period. No conclusion could be made regarding the decline
of dicamba and 5-OH dicamba residues in seed as residues were <LOD) at each sampling mterval. In
forage, residues of DCGA, DUSA, dicamba and 5-OH dicamba decreased over the sampling period.
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6
6.2

6.2.1

sidues in or on Treated

Page 1 of 17

Products, Food and Feed

etabolism, distribution and expression of residues

Metabolism, distribution and expression of residues in plants

Abbrevialions contained in the text and tables are indicated in the legend below.

ae Acid equivalents

AN Acetonitrile

ami Atomic mass unilg

conl Conjugatefconiugates

DAT Days after treatment

DOGA 3 B-gichlorogentisic acid

DOSA 3 G-dichiorosalioyin scid

dom Digintegrations per minute

GOENMS Gas chromatography electon lonization mass spectrometry

ghue, Glucosidel/glucosides

HMG S-hydroxy-3-methyiglutaryd

HIMGA, I-hydrowy-3-methyigiuteric acld

HPLOILEC HPLE with liguid scindillation counting of fractions collestad

HRLCIRAD HPLE with radinactivity flow detection

LO/EBUMS Liguid chromatography electrospray lonization mass spectrometry

LEG Liguid scindifiation counting

MBg Mega-Baoguerel

MG Mithourie

minel Mitlimole

miz mass-to-oharge ratio

NG Mot applicable

nf Not found

POE-C Conirol sovbean plants grown among the post emsrgence ireated plants

POE-T Post emergence treated soybean planis

PRE-C Control sovbean plants grown among the pre-emergence reated planis

PRE-T Pre-emergences freated soybaan plands

TRR Total radivactive residue

Lnk Unknown

UNT-G Untregled condrol sovbesan plonds grown in a greenhouse enclosurs
separate from the reated plants

iy Yolume 1o volume

g.2.1.1 Metabolism, distribution and expression of residues in soyhean

Report: A 8.2.1.1/1 MRID 478898523, PMRA No. 1894536, Miller, M.J. and Mierkowski, M..J.
{2010). Metabolism of Dicamba in Dicamba-Tolerant Soybeans.
Monsanto Report No. MSLODZ2E58.

Gutidelines: EPA Pastivide Assassment Guidelines, Mature of the Residue - Plants,
Livestock, LS EPA QUSPP 8801300, Metabolism in Crops, QECD
Guideline for the Testing of Chemicals No. 501, PMRA DACO 8.3

GLP: Signed and dated Good Laboratory Practice (GLP), Quality Assurance

and Data Confidentiality were provided.

MRID 378095 23/DP 384422 PMRA No. 1894536
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Acceptability: Linder the conditions and parameters used in the study, the plant
metabolism data are classified as scientifically acceptable.

Executive Summary

in a metabolism study of dicamba infon dicamba resistant soybean, a simulated formulation
consisting of a mixture of unlabeled dicamba and dicamba uniformly labeled with *C in the ring
carbons was formulated as an aqueous solution of the diglycolamine salt. The test material was
applied, each with a different Lot No., at 2.55 and 2.52 |b ae/acre (2.86 and 2.82 kg/ha) for the
pre emergence {PRE-T) and post emergence (POE-T) applications, respectively. The
radiochemical purities of both lots were 99.2% and 89.5%. The application rates represant
slightly exaggerated rates relative to the maximum intended seasonal use rate inthe US of 2.0
b aelacre (2.24 kg/ha).

A single application, either as pre-emergence or post emergence, was applied to two groups of
pots. Each group included control untreated pods (PRE-C and POT-C) interspersed among the
treated group. An additional control group (UNT-C) was planted in a separate greenhouse. The
pre-emergence application was made directly to the soil of the PRE-T group pots on the day of
planting after the soybean seeds were planted. The post emergence application was made to
the foliage of the plants of the POE-T group 29 days after planting at the R1 growth stage (first
flower) using a hand held sprayer. Immature follage (pre-forage) samples were collected as
thinnings 14 days after planting and the pre-emergence application. Forage samples were
collected 7 days after the post emergence application and 38 days after the pre-emergence
application. Hay samples were collected 27 days after the post emergence treatment and 56
days after the pre-emergence treatment. Seed was collected 83 days after post emergence
freatment and112 days afler planting and pre-emergence treatment. Samples were processed
by grinding and were stored frozen. The processed (ground) soybean forage, hay and seed
samples were stored frozen at ca. -20 °C for approximately two years during the analysis phase
of the study. The stability of dicamba soybean residues was assessed by comparing the
radioactivity analyses (TRR determinations), extraction efficiencies and HPLC profiles
determinad during various phases of the study and found to be stable for ionger than two years.

The levels of [ *Cldicamba-derived residues found in soybean forage, hay and seed were
quantifiable with the analytical method used. Total radioactive residues (TRR) in the samples
were determined by combustion analysis. Forage and hay samples were each exiracted four
times with 40:80 (v/v) acelonitrile;water, Seed samples were each exiracted three times with
hexane to remove oils, then once with acetonitrile followed by four extractions with 40:60 (v/v)
acetonitrile:water. Exdractabilities were greater than 80% for forage and hay matrices. For the
PRE-T seed and POE-T seed, extraction efficiencies were 59.4% and 83.7%, respectively, of
which 10.4% and 8.4% of the TRR was extracted in the oil {hexane) fraction, respectively.

Five discrete metabolites of dicamba and non-metabolized parent dicamba were identified. In
addition, two metabolites of dicamba in the range of 1-2% of TRR were isolated and
characterized. The identified and characterized radicactive compounds in pre-forage, forage
and hay constituted 87.28-92.17% of the TRR. For seed, the identified and characterized
radioactivity comprised 36.35-43.08% of the TRR. The dicamba metabolite DCBA glucoside
was found to be the major component in dicamba-tolerant soybean foliage (pre-forage, forage
and hay) from the pre- or post emergence treatmants constituting 60.32-74.48% of TRR. DCSA
HMGglucoside constituted 5.21-7.62% of TRR in PRE-T pre-forage, forage and hay, and 1.14
and 2.48% of TRR in the POE-T forage and hay, respectively. Surface residues of unchanged
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dicamba was a significant component of the residue in the POE-T forage and hay (24.21% of
TRR and 12.33% of TRR, respectively). DCGA glucoside constifuled 0.75-4.32% of TRR in
pre-forage, forage and hay, with larger amounts present in the hay compared to the forage. The
DCGA malonylglucoside represented 5.46% of TRR in the PRE-T pre-forage, but only 0.73-
1.81% of TRR in forage and hay. DCSA represented only 1.54-1.83% of TRR in hay, but larger
amounts were cbserved in forage {(3.19-4.08% of TRR). Meatabolite fractions 14 ard 18,
characterized as mixtures of unknown DCSA and DCGA conjugates, sach constituted less than
2.0% of the TRR in soybean foliage.

The metabolism of dicamba in dicamba-tolerant sovbean proceeds by initial demethylation of
dicamba to form 3 G-dichlorosalioylic acid (DOSA)} through the action of the dicamba O-
demathylase enzymea resulling from introduction of the dicamba mono-oxygenase {DMO)} gens
into dicamba-tolerant soybean, Only small amounts of free DCSA are observed in soybean
matrices, rather, the DCSA exists largely as its conjugate DCSA glucoside, some of which is
further modified by esterification with 3-hydroxy-3-methylglutaric acid (HMGA) o form DCSA
HMGglucoside, As a minor pathway, DUSA is hydroxyiated at the B-position to form 2 8-
dichiore-3, 8-dihydroxybenzoic acid (DCGAY. DCGA is not observed as a free melabolite in
soybsan matrices but is converted to the glucose conjugate DCGA glucoside in which the
glugose moisty is attached to the B-hydroxyl of DCGA, The glucese conjugate is further
converted by malonyiation of the glucose moiety to DCGA malonyiglucoside. The sum of DCGA
glvoosides and other characterized conjugates in PRE-T pre-forage, forage, hay and seed
aceounted for 8.52%, 4.35%, 8.33% and 7.08% of the TRR, respechively, while they accounied
for 2.38%, 7.68% and 7.33% in POE-T forage, hay and seed, respactivaly.

i MATERIALS AND METHODS
A, MATERIALS

1. Test Materind

Two separate lols of dicamba test substances were used for this study, one for the pre
emergence treatment and one for the post emergence treatment.  Each test substance was
prepared by mizing uniabeled dicamba with sufficient ["”“{Z]a%if:gmba to give a larget specific
activity of approximately 5.4 mCi/mmol (0.80 MBa/mg). The ["Cldicamba (specific activity of
45.0 mCifmmeol, 7.83 MBg/mg} used for mizing was uniformiy iabeled with carbon-14 in the ring
carbons, and was synthesized and purified by GE Healthcare (Amersham).

Preemergence treatment:

Description: Dicamba-phenyl-U-"C
CAS No. {uniabeled compound) 1818-00-8
Lot No.; 8103-01A
Speaific Activity: 5.38 mCifmmol (54190 dpmipg, 0.803 MBa/ma)
Radiochemical Purity: 89.2% by reverse phase HPLC
Chemical Purity: 99.4%
Stability: 2 years
Postemergence treatment: .4
Description: Dicamba-phenyl-U-“C
CAS Mo, {unlabeled compound}; 1918-00-8
Lot No. 8103010
MRID 478003523/DP 384422 PMEA Mo 1894536
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Specific Activity: 5.43 mCi¥mmaol (54560 dpm/ug), 0.808 MBg/mg
Radiochemical Purity: 99.5% by reverse phase HPLG
Chemical Furity: 89.1%
Stability: 2 years
2. Test Soil

The test soil was obtained from the Research For Hire Experimental Farm, Plot P-104. The soil
properties determined by Agvise Laboratories are as follows:

Table 6.2.1.1-1 Soil Physicochemical Properties
Textural class: Loamy sand
Sand: 80%
Silt: 12%
Clay: B%
pH (H.0) 7.1
Bulk density: 1.38 gice
Cation exchange capacity: 4.9 meg/100g
Percent organic matter. 0.4
Percent moisture at 1/3bar. | 7.7

3. Test Commodity

Crop: Soybean

Variety Dicamba-tolerant soybean event GM_AS0817

Lot No.: GLP-0804-17294-8

Botanical nams: Glyeine max L.

Commodities sampled: immature foliage {(pre-forage), forage, hay and mature
seed

Dicamba-tolerant soybean event GM_AS0617 expresses a modified dicamba mono-oxygenase
(DMO} gene derived from the soll bacterium Stenofrophomonas maftophiia.  The GM_AS0617
soybean event used in this study contained the same DMO gene expression cassetie as
dicamba-tolerant soybean event MON 87708.

B. STUDY DESIGN

The experimental portion of the study was conducted during the period from June 2008 to
September 2008, Monsanto Company was responsible for technical oversight of the in-life
portion of the study. The in-life portion of the study was contracted to PTRL West Inc., which
was responsible for the preparation and application of the spray solutions. Defintive extractions
of all matrices, quantitative HPLC analyses for metabolite guantitation, and isclation, purification
and identification of metabolites was conducted at Monsanto Company.

1. Experimental Conditions

Dicamba tolerant soybean crop was grown in two greenhouses at the "Research For Hire”
field site in Porterville, California, USA in 12-inch diameter pots containing a loamy sand soil.
The study consisted of five groups of soybean plants: untreated control plants {designated

UNT-C}, plants treated pre-emergence at planting (designated PRE-T), untreated control
plants (designated PRE-C} grown among the pre-emergence trealed plants, post
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amergence breated planis {designated POE-T) and unireated control plants (designated
POE-C) grown among the post emergence breated plants.  Untreated control (UNT-C)
plants, and plants intended for the POE-C and POE-T groups {prior 1o the post emergence
tregiment), ware grown in a separate greenhouse from that housing the treated plants. Four
seeds were planted per pot. At 14 days after planting, the PRE-C and PRE-T pols were
thinned to two plants per pot, and the POE-C and POE-T pots were thinned {o one plant per
pot.

2. Test Substance Preparation

For gach of the two treatments, the dicamba test substance was formulated in water as the
diglycolaming salt by dissolving the solid test substance in waler containing spproximately
1.08 molar equivalents of diglyeolamine [2-{2-aminpethosyiethanall. Aliguots were teken for
determination of the concentration and homogeneity, and an additional aliquot was taken for
the pre-application purity determination. The application solution for sach treatment was
dispensed info bollles containing equal volumes for application to individua! pols or plants,
as appropriate.  Each boltle for the pre-emergence application contained 1040 mbL (08070
mGi) of test solution.  For the post emergence application, each bottle contained 8.80 ml
{0.5025 mCi) of test solution,

3. Test Substance Application

Applications of the test substance {separate pre- and post emergence applications) were
conducted using a handheld sprayer that # directly on the spray bottles, using a separate
bottle for sach pot. The pre-emergence application was made directly to the soil of the pots
of the pre-emergence group {22 pots) on the day of planting after the soybean seeds weare
planted. The post emergence application was made 1o the foliage of the plants of the post
emergence group (32 plants) 28 days later at the R1 (irst flowsr) growth stage. Each
pot/plant received a single application (either pre- or post emergence). The average
achieved application rates ware 20.87 mg ae per pot (2.86 kg as/ha, 2. 55 ib aglacre) for the
pre-emergence freatment and 20.63 mg as per pot {2.82 kg ao/ha, 2.52 b aefacre) for the
post emergence treatment. These rates represent slightly exaggerated rates relative to the
intended maximum seasonal use rate in the US of 2.24 kg ag/ha (2.0 b as/acre). Aliguols
of the spray solutions ware analyzed by MPLC to determine the purity of the test substance
after application. For both applications, the pre- and post application test substance purities
ware virtually identical indicating that the test substances were slable during formulation,
franspord to the fleld site and application,

4. Sampling

The thinnings collected from the untreated and pre-emergence group plants 14 days after
planting were collected as immature foliage {pre-forage). Forage samples were collected
from all pots of all treatments 7 days after the post emergence application and 36 days after
the pre-emergence application, Hay was collected from all groups 27 days afier the post
gmergencs freatment and 58 days after the pre-emeargence reatment. Seed was collected
from all groups 83 days after the post emergence treatment (112 days after planting and the
pre-emergence reatment).

At the field site at the time of harvest, Torage collected from two individual plants from the
post emergence group was rinsed separately in thres consecutive vessels each containing 1
L. of HPLC grade water. Aliquots of the rinses were collected for LSC analysis and an
afiquot of the first rinse was also reserved for HPLC analysis. Pre-forage, forage, hay and
seed samples were frozen at the field site and were shipped on dry ice to PTRL Waest, Inc.
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where they were processed and where combustion analysis was conducted to delerming
the TRR. The processed samples were shipped on dry ice to Monsanio Company. Al
Monsanto, the samples were stored at approximately -20 °C and were thawed only for short
periods of time necessary to obtain samples for analysis.

5. Sample Extraction and Analyses

Definitive combpustion analyses of all processed (ground) soybean matrices for total
radioactive residue (TRR) determination were conducted at PTRL West, Inc.  Initial
extractions and HPLC analyses of the PRE-T and POE-T forage and seed were conducted
at PTRL West, Inc. to eslablish an initial baseline for storage stability through the course of
the study. Definitive extraction and HPLC analyses for the determination of the distribution
and isolation of metabolites were conducted at Monsanto Company.

A weighed amount (4-5 g) of forage, hay or seed was extracted with 20-35 mlL of 40:80 (v/v)
acetonitrilewater by shaking on a wrist-action shaker for about twenty minutes. After
centrifugation, and removal of the supernatant, the extraction procedure was repeated three
times for a total of four extractions. Seed samples were first exiracted three times with
hexane to extract oils, followed by an acstonitrile wash, and finally extraction (four times)
with 40:60 (v/v} acetonitrile:water. The extraction pellets were dried prior {o combustion of
aliguots to determine the amount of un-extracted radicactivity,

Analyses to determine the distribution of the radicactivity in the extracts were conducted by
reverse phase HPLC using either fraction collection with LSC determination of the
radioactivity (HPLC/LSC) or HPLC/RAD using a radioactivity flow monitor.

Metabolites were izolated primarily from the POE-T forage extracts using HPLC. In the case
of the isolations from seed extracts, solid phase extraction was used in some cases to clean
up and clarify the extracts prior to HPLC analysis.

i RESULTS AND DISCUSSION
A. TOTAL RADIOACTIVE RESIDUES {TRR)

Following the application of [*-Cldicamba to soybean at target doses of 2.5 lbs ae/acre {2.80
kg/ha) for both pre- and post emergence treatments, levels of radioactive residues {expressed
as parent ["*Cldicamba equivalents) were measurad in pre- forage, forage, hay and seeds as
shown in Table 8.2.1.1-2.

The results indicated that "C residues occur at higher levels in forage and hay samples
following post emergence treatment. The application of a slightly exaggerated recoramended
rate (target dose of of 2.5 lbs aefacre (2.80 kg/ha) resulted in quantifiable amounts of “C
dicamba in seeds in both the pre- and post emergence freatments.

Levels of radioactive residues {expressed as parent dicamba eguivalents} in soybean foliage for
the pre-emergence (st planting) treatment were relatively low and declined with time. The TRR
in the pre-forage collected 14 days after the pre-emergence application was 3.248 mg/kg, while
the TRR of forage collected at 38 days after the application was 1.433 mg/kg. The TRR of hay
collected 56 days after application was 1.056 mg/kg.

Levels of radioactive residues in soybean foliage from the post emergence freatment were
relatively high, decreasing from 134.147 mg/kg in the post emergence forage collected 7 days
after application to 38.149 mg/ky in post emergence hay collected 27 days after treatment. A
considerable amount {ca. 33%) of the residues in the post emergence forage was dug to
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surface residues comprised of non-metabolized parent dicamba, as determined by analysis of
water washes of two selected post emergence forage plants. The TRR in the follage of one of
these forage plants {plant #28) after washing was 81.788 mygfig. Radioactivity in the combined
surface washes of this plant corresponded 1o an additional TRR of 41,208 mg/fkg. Itis likely that
the non-melabolized dicamba in the post emergence hay was also largely due to dicamba
surface residues. Rasidues in the seed were low, indicating limited translocation of dicamba
foliage residues to the seed. Residue levels in the seed collected from the pre-emergence
treatmerd at 112 DAT were 0.281 mglkg, compared {0 residues of 0.388 mgkg in seed
collected at 83 DAT from the post emergence treatment.

Residuss in the untrealed controls were low, bul significant, in the forage and seed harvested
from PRE-C and POE-C untreated plants that were interspersed amongst the PRE-T and POE-
T plants, respectively. This is likely due both to uplake of dicamba evaporating from the soil
and/or plant surfaces and to uptake of *CO, produced by mineralization of dicamba in the soll,
and possibly the plants, of the treated pots. Residues in untreated control plants housed in g
greenhouse separate from but adioining that housed the treated plants were very low, although
& detectable level of radicactivily was found i the untreated cantrol hay and seed (0.001 and
0.013 mglkg, respectively). 1t is conceivable that a very small amount of “CO: released by
mineralization of dicamba in the treated sofl or “C-dicamba due to volatility was drawn into the
greenhouse containing the untreated plants.

B, EXTRACTION AND CHARACTERIZATION OF RESIDUES

1. Extraction and Chargcterization of Residues in Soybean Forage, Hay and Seeds
The highest extractability of “C- residue was achieved using 40:60 (v/v) acetonitrilz:water for
forage and hay. Beed samples were first extracted three times with hexane o extract oils,
followed by an intermediate acetonitrile extraction to remove the excess hexane, and then by
four 40:680 scetonitrile waler sxiractions.

A summary of the extractions is provided in Table 6.2.1.1-3. Extractabiliies {(normalized percent
extracted) for follage {pre-forage, forage and hay) were all sbove 90%, except for the PRE-C
forage which likely contained significant residues from uptake and incorporation of liberated
“00; into natural products. Extractabilities for the POE-T forage and hay were somewhat
higher than for the PRE-T forage and hay, likely a reflection of additional easily-extracted
surface residues of unchanged dicamba in the POE-T forage and hay. Exiraciabilities
fincluding hexane extraction) ranged from approximately 80-84% for seed from the PRE-T and
POE-T groups, and were approximately 44% for seed from the PRE-C and POE-C groups. The
amount of the extracted radicactivity in the hexane extracts {oil fraction} ranged from 8.4% of
TRR in POE-T seed to 17.8% of TRR in the PRE-C seed. Felalive to the seed of the treated
groups, the larger proportion of residues in the ol fraction of the PRE-C seed, and the lower
gxtractabilities for the PRE-C and POE-( seed, likely reflects g higher proportion of residues
produced by uptake of "GO, formed by mineralization of “C-dicamba in the treated soil of the
PRE-T pots. The PRE-T pots were in close proximity to the PRE-C pots {by design) and were
in the same greenhouse that housed the POE-C plants {as well as the POE-T plants}.
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Total Radioactive Residues {(TRRs) in Soybean following pre-

emergence and post emergence application of *C-dicamba

TRRs* {mg/kg, ppm)™ in treated forage, hay and seeds at target
doses of 2.5 lbs aelacre (2,80 kg/ha)™

Sampiing Time,
Days after Planting
{Days after TRR {mglkg,

Commodity Treatment) ppml
UNT-C Pre-forage 14 0,000
UNT-C Forage 38 0.000
UNT-C Hay 56 0.001
UNT-C Seed 112 0.013
PRE-C Forage 36 0.080
PRE-C Seed 112 0.170
POE-C Forage 36 0.280
POE-C Seed 112 0.138
PRE-T Pra-forage 14 3.248
PRE-T Forage 36 1.433
PRE-T Hay 56 1,065
PRE-T Seed 112 0.291
POE-T Forage 3a 134.147
POE-T Hay 56 39.148
POE-T Seed 112 0.388
POE-T Washed Forage Plant #26" 38 81.786

*Limit of guantification (LOG) was 2x background. Background levels ranged from 36-71 dpm

“* Dicamba equivalents

** The actual rate achieved were 2.585 and 2.52 b as/acre {2.868 and 2.82 kgiha), for the pre emergence (PRE-T}
and post emergsnce (POE-T) applications, espectively
o Eoliage of plant after washing, The combined water washes of the plant contalned radioactivity
representing additional residuss of 41.288 mg/kg (ppm)
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Table 6.2.1.1-3 Extraction Efficiency Bummary for Residues of “*C-Dicamba in Soybean
Pre-Forage, Forage, Hay and Seed

%C extracted  1%C not extracted.  Account- | Normalized® % | Mormalized% not
Matrix {rmgfky, pom} {mgikag, ppm) ability Extracted extracted

PRE-T Pre-forags S2.8 {2858} 2.1 288 1.8 @1.1 8.8
PRE-T Forage 1087 {1307 .2 4128 5.8 81.2 &8
PRE-T Hay B0 {0580 9.2 nes 1012 80,8 8.3
PRE-T Seed™ BRI OATE A3.0 0118 1087 59,4 40,7
Hexane 108 1.4

ACK AGHMH L 51.8 45.0

POE-T Forage 1T (125810 8.1 (8.336) 578 43.8 8.2
POE-T Hay 928 (37,308 4.5 {1,841 57.5 45.3 4.7
POET Seed™ 62,8 {0348 5.8 0141 o885 83.7 38.3
Hexane® 8.3 8.4

ACN, AUNALO 54.5 55.3

prashed Forage BY.2 (72.964) 10.8 (8.522) P 86.2 10.8
PRE-G Forage 296.8 {081 312 e 12840 758 244
FOE-D Forage Q8.9 {0282} 8.8 0018 105.8 BLE 8.5
PRE-( Beed™ 44.2 (0.075) 56.5 (0.088) 100.8 4338 56.1
Hexang 18.0 17.8

BTN, AN 8.3 261

POE-C Sead™ 485 {0,081} S0 007N S8 44.2 L%
Hoxane 124 T

AUM, ACNMOM 343 228

*Normalized to 100% accountabiiity

** Sead samples were extracted with hexane lo extract oils, followed by an infermediate acetoniirile exraction, and
then by 4080 ACNMH O extractions.

***The AN and ACKNHO exiracts wers cormbined, concentrated and analyzed by HPLE,

=The pelie! was not cormbusisd.
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2. Chemical and Enzymatic Digestion of Un-extracted Seed Residues

The un-exracted residues from the seed exiraction pellets (post-extraction solids) from the
PRE-T and POE-T seed comprised 40.7% (0.118 mg/kg) and 36.3% (0.141 mg/kg) of the TRR,
respectively.  Chemical or enzyme digestions designed fo release various classes of
biomolecules (e.q., starch, protein, cellulose) into the soluble phase showed to be more
favorable than dilute acid and base extractions, which resulted in release of less than 2% of the
TRR in any individual extraction.

The chemical and enzymatic digestions of the pre-emergence and post emergence seed
resulted in release of small amounts of residues {0.25-3.75% of TRR) in each of the phosphate
rinse, starch, pectin and cellulose fractions, as shown in Table 6.2.1.1-4. Larger amounts of
residues were released in the protein fraction (10.08% and 8.18% of TRR for the PRE-T and
POE-T seed, respectively). The largest porfion of un-exiracted residues was releasad in the
hemicellulose fraction (13.92% and 12.90% of TRR for the PRE-T and POE-T seed,
respectively).

Protein, pectin, cellulose and hemicellulose fractions from the chemical and enzymatic digestion
of seed un-extracted residues contained residues greater than 0.01 mg/kg. These were
acidified and partitioned with ethyl acetate to characterize the nature of the released residues.
Virtually none of the residues from the protein, pectin and cellulose fractions partitioned into the
organic phase, demonstrating that the residues were highly water-soluble, were unlikely to be
dicamba-related, and were likely due o extensive metabolism of dicamba and incorporation of
resulting small molecules, e.g., “CO;, into plant constituents, A significant portion (ca. 18% and
13%, respectively) of the residues released in the PRE-T and POE-T hemiceliulose fractions
partitioned into the respective organic phase, However, this represented less than 0.01 mglkg
in both cases, and additional experiments demonstrated that these residues were primarily not
dicamba-related.

3. Storage Stability

The processed (ground) soybean forage, hay and seed samples received from PTRL West, inc.
were stored frozen at ca. -20 °C for approximately two years during the analysis phase of the
study at Monsanto Company. The stability of dicamba soybean residues was assessed by
comparing the radicactivity analyses {TRR determinations), exiraction efficiencies and HPLC
profiles delermined during various phases of the study. As an initial stabiity baseling,
extractions and HPLC profiles were conducted within 30 days of harvest for forage, hay and
seed. On completion of the analytical phase of the study, four matrices (PRE-T forage, PRE-T
and POE-T hay, and POE-T seed) were reanalyzed for assessment of stability over the two-
year storage period. The combustion (TRR} values, extraction efficiencies and chromatographic
profiles were very similar {o those obtained in the initial baseline analyses, thereby
demonsirating stability of the residues during frozen storage. There were two minor differences
in the appearance of the chromatographic profiles resulting from incomplete resolution of two
components dug to column perfermance deterioration or sample size, but in both cases, it was
determined that the profiles were comparable, and were svidence of stability of the residues in
storage
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Chemical and Enzymatic Digestion of Seed Un-extracted Residues

PRE-T Bead POE-T Seed
Nornmalized Mormalized | Normalized | Normalized
Parcent of mglkyg Percent of mglikyn
Fraction TRR {ppm) TRR ippm)
Hexane 1054 ¢.037 875 0.034
Acetonitrile 0.54 (.002 0.78 0.003
ADNMD 49 20 (1.143 52.88 0.206
Phosphats 0.28 4,001 142 0.008
Stargh 128 4.004 1.27 0.005
Protein 10.08 0.028 218 0.032
Pectin 328 {1,008 2.78 0.011
Celldose 338 2.0 3485 o013
Hemicsliulose 13.82 03.040 12.80 0,080
Tatal Extracted 22.91 $.270 $2.49 (.388
Pellet (unextractad) .08 021 7.60 4.830

* Dicambs equivalents

4, ldentification and Characterization of Radicactive Components of Soybean
Forage, Hay and Ssed
Radicactive componenis were isolated and pwified by preparative HPLE using the same HPLOC
method that was used for quantitation. Further purification was conducted by a preparative
HPLC method using methanol as the organic solvent which provided different selectivity than
the acetonitrile mobile phase used in the primary method. Table 8.2.1.1-5 provides a summary
of the guantitation and characterization of the metabolifes in soybean forage, hay and seed of
dicarmnba-tolerant sovbean following dicamba pre-emergence applications. Table 821,48
provides & summary of the quantitation and characlerization of the metabolites in soybean
forage, hay and seed of dicamba-tolerant soybean following dicamba post emergence
applications at the R1 growth stage.
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Table 6.2.1.1-8 Metabolites detected in Soybean Forage, Hay and Seed following
Pre-emergence treatment with Dicamba
PRE-T ]
PRE-T Forage PRE-T Hay PRE-T Seed
Pre-Forage
Parcent Paak Parcant Percant Percent
Retention of mgfkg of Paagk of Peak of Pgak
Peak Time™ Matrix | {(ppm™ | Maliix mgfkg Matrix mgikg Matrix mgikg
MNumber {rring identification TRR TRR {ppm}*™ TRR {ppmy™ TRR {ppmy™
4 4.2 Sugars 1.47 {3.048 0.96 0014 1.08 0.011 842 0.025
2 82 Linknown 0,26 £.008 0.40 0.008 nf nf 1.22 (.004
3 7.0 DCGA Glucoside 2.77 0.08 1.14 0.618 345 0.038 1.60 0.005
& 12.7 Linknown 0.64 0.021 (.58 0.008 0.53 G.006 0.33 0.001
7 4.0 Linknown 0.2 0.007 nf nf .50 G.005 0,72 0.002
8 14.6 DCGA Malonylglucoside 5,48 0477 1,40 0.020 0.73 0.008 473 0.014
g 15.8 DOBA Glucoside £8.96 2.24 74.48 1087 70.81 D748 11.55 4.034
10 176 Unknown nf nf nf nf nf nf 1.28 0.004
11 18.2 DOSA HMGglucoside 7.62 0.247 521 D.075 5.67 0.070 B73 0.025
12 19.4 Unkrown nf nf nf nf 0.74 0.008 0.38 0.001
14 21.5 Link DOSADCGA Conj. 0.28 0.009 1.28 ¢.018 1.64 8.017 0.75 0.002
15 222 Unknown nf nf | nf 0.75 £.008 nf nf
16 230 Unknown 2,62 4.02 (.41 0.006 1.07 0.011% .18 {3,004
18 24.0 Unk DCSADCGA Gluc. nf nf 0.85 0.008 0.51 0.005 nif nf
22 26,3 DCSA 1.46 0.047 3.18 3.046 1.54 0.018 0.37 0.001
23 28.3 Dicamba 0.8 03.026 1.61 $.023 0.85 0.009 0.20 0.001
Triglycerides {from the hexane-
extracted oil fraction) g ng ng g na na 13.87 0.040
Total - Quantitation of the AcetonitrileMater
Extractable Residuss 80.55 2.84 91,18 1.207 840,87 3.258 40.44 0.12
Total identified or Characterized Metabolites 88.83 2.58 85.8 1,287 87.28 0.920 36.35 0,107

* Retention 8mes (RT) given are based on the RT in PRE-T forage as thers were mindr differences in RT hetween the malrices
for thoss fractions. For the metabolites which were not found in forage, the RT given is the Bime found int seed.
=&l mofkg (ppm) values are expressed as dicamba equivalents.
Metabolile peaks 4, 20, 21 and 28 were observed in PRE-C seed only; metabolite peaks 5, 13, 17, 18, 24 and 25 were
ohserved in POE-T matrices, but not PRE-T matrices.

MRID 47899523/DP 384422 PMRA No. 1894536
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Table 6.2.1.1-6 Metabolites detected In Soybean Forage, Hay and Sced following Post
gmergence treatment with Dicamba

FOE-T Forage POE.T Hay POE-T Seed
Parcent Perpant
Retantion of Paak of Foak Parcant Pagk
Paak Time* Malrix migiky Matix | mgfkg | of Matrik mgky
Number {ming idertification TRR {pp™ TRE {ppeny™ TRE {ppm*®
1 4.1 Sugars nf nf 0.49 0180 | 818 0.036
2 53 Linknown nf i 4.8 .07y i i
3 R DOGA Glusnside 8.78 1507 4.32 1880 207 2.008
8 2.4 Ulrderivan .38 3478 1 1) .31 oo
8 131 Lintknown nf nf .71 0.280 g.82 O.002
7 14.0 Lirthneow nf nf nf nf 0.57 0.003
& 14.4 DOGA Malorwiglucoside 1.4 1.485 1.81 0.834 484 .08
o 158 B2SA Glucoside B0 R2 B8R BT3B 28333 L 1827 3,058
10 17.3 Linknonan .14 .188 nf nf .84 $.00%
11 8.0 DOCBA HMGglucosidy 1.14 1.535% 248 3.870 £.81 {3037
12 188 Lirtkrowt (.18 {3238 nf nf {1.81 002
13 20.4 Lirtknown .18 .238 nf nf .48 $.002
14 1.8 Unk DCSADCIZA Conj, .38 803 .75 G.6H8 .63 002
18 2.7 Linknown .40 0.541 .85 0373 4.38 £.001
17 238 Unknown 0.28 8,382 091 0,354 .33 .00
15 238 Lok DUSBADCGA Ghue .12 0164 o nf nf nf
19 24.5 Unknown .18 {1,239 0.38 0.14% nf nf
22 284 DORA 408 5473 183 0.757Y 146 2.002
23 278 Dinamba R Bl 32473 42.33 4828 .84 IRERK
24 2B3e Linknowh of nf af anf 0.52 3008
25 323 Lirtknown nf nf o 7 .11 £1.0004
Trighyosrides {(from the hexane-
? yax%racteé il fraction) na na ha Na 10.76 0042
Total - Quantitation of the Acstoniirie’\Water ‘ o £ a 4
Extractable Residues | 33.84 12583 85,30 37.312 | 47.24 41814
Total ~ ldentified or Characterized Melaboliles 8.1 123583 | BAYY 35,085 | 43.08 {14874

* Retention times (RT} given are based on the RT in PRE-T forage as there were minor differenices in RT between
the matices for those fractions.  For the metabolites which were not Tound in forsge, the BT given is the Ume fiund
in seed,

= &Y mglfkg {ppmd valuss are expressed as dicamba eqguivalents.

Watabolite peaks 4, 20, 21 and 28 were observed in PRE.C seed ondy; metabolite pealk 15 was observed in PRE-T

matrices, but not POET matrices,

MEID $7899523/10P 384422 PMRBA No. 18943346
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8. ldentification of metabolites in soybean matrices

HPLC analysis of the extractable residue showed that while there are at least 26 different Mo
zones in the HPLC chromatograms, DCSA glucoside {peak 9) was present in all soybean
matrices and was the major metabolite in all pre- and post treatment matrices. Four other
metabolites; DCGA glucoside (peak 3}, DCGA malonylgluceside (peak 8), DCSA
HMGglucoside {peak 11), DCSA (peak 22) and the parent dicamba (peak 23} were also
identified in the dicamba tolerant soybean matrices (Tables 6.2.1.1-8, 6.2.1.1-6 and Figure
6.2.1.1-1). The identified and characterized componenis constituted 87-92% of the total TRR in
forage and hay of the pre- and post emergence applications, while they constituted only 36-43%
of the total TRR in the seeds of pre- and post emergence treatments. The remaining
unidentified components of the extracted residue were characterized by hydrolysis to be
glucosidic and other unknown conjugates of the metabolites DCSA and DCGA (peaks 18 and
14 respectively). These conjugates were present in PRE-T and POE-T forage, and PRE-T hay,
constituting < 1.75% of peak 14 and < 1% of peak 18 of the TRR in each matrix.

The hexane extracts (ol fraction) of the PRE-T, POE-T, PRE-C and POE-C soybean seed
contained 10.4%, 8.4%, 17.8% and 11.7% of the TRR, respectively, was composed of
triglycerides {89.84% due to fatty acids and 5.05% due to glycerol).

The procedures used fo identify the metabolites included:

¢« Comparison of the refention times and co-slution of the purified fractions {peaks) with
dicamba, DCGA DCSA, 3-hydroxy-3-methylglutaric acid and glucose reference
standards.

s Analysis using LC/ESI/MS in the negative ion mode for RT comparison and mass
spectral identification
'H-NMR experiment for the purified fraction of hydrolyzed DCSA HMGglucoside

» Mid acid and enzymatic hydrolysis for identification of sugar moieties in DCSA and
DCGA conjugates

& Hydrolysis with 2 N HCI at 100 °C for 2 hours o determine the identity of DCSA and
DCGA.

6. Proposed Metabolic Pathways

The proposed pathways for the metabolism of dicamba in dicamba-tolerant soybean are shown
in Figure 6.2.1-1. The metabolism of dicamba in dicamba-tolerant soybean procseds by initial
demethylation of dicamba o form DCSA 22 through the action of the dicamba O-demethylase
enzyme resulting from introduction of the dicamba mono-oxygenase (DMO) gene into dicamba-
tolerant soybean. Only small amounts of free DCSA are observed in soybean matrices; rather,
the DCSA exists largely as iis 2-O-B-glucoside {(DCSA glucoside 8), some of which is further
muodified by esterification with 3-hydroxy-3-methyigiutaric acid (HMGA) to form DCSBA
HMGglucoside 11. As a minor pathway, DCSA is hydroxylated at the 5-position, presumably by
a P-450 enzyme or other oxygenase, to form DCGA. DCGA is not observed as a free
metabolite in soybean matrices but is present as the 5-O-B-glucoside (DCGA glucoside 3). The
DCGA glucose conjugate 3 is further converted by malonyiation of the glucose moisty to DCGA
matonylghlcoside 8,

MRID 47899523/DP 384422 PMRA No. 1894536
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Hl. CONCLUSIONS

On the basis of the data presented, residues found in dicamba-tolerant soybean foliage (pre-
forage, collected 7 days after planting and the pre-mergence application, forage, collected after
7 days of the post-emergence application, and hay, collected after 27 dayvs of the post
emergence application following the application of dicamba at a slightly exaggerated rate of 2.5
Ibs asfacre (2.80 ky/ha) were as follows:

s DOSA glucoside 8 was the major metabolite in, constituting 60-75% of the TRR in pre-
forage, forage and hay.

»  DUSA HMGglucoside 11 constituted 5-8% of TRR in PRE-T pre-forage, forage and hay,
and 1-2.5% of TRR in the POE-T forage and hay.

« DCSA 22 representad only 1.5-2% of TRR in hay and pre-forage, bul somewhat larger
amounts were observed in forage (3-4% of TRRK).

&= The analytical method involves acid hydrolysis to convert DUSA glycosides into DUSA,
The sum of DCSA and Hs glycosides constitutes 66-83% of the TRR in pre-forags,
forage and hay.

« DOGA glucoside 3 constituted 1-4% of TRR in forage and hay, with larger amounts
prasent in the hay compared to the forage.

«  DCGA malonylglucoside 8 represented 8% of the TRR in pre-forags, and less than 2%
of TRR in forage and hay.

¢ The analytical method also converts DOGA glyoosides into DUGA upon acid hydrolysis,
The sum of DCGA and iis glvcosides constitutes 2-8% of the TRR in pra-forage, forage
and hay.

# Unchanged dicamba was a significant component of the residue of reated plants only in
the POE-T forage and hay (24% of TRR and 12% of TRE, respectively}.

s Unknown conjugates of DUSA and DOGA were characterized in PRE-T and POE-T
forage, and PRE-T hay, constifuling in tolal < 2% of the TRR in sach matrix.

The identified and characterized extractable radicactivity in seeds of dicamba-tolerant soybean
following the application of dicamba at a slightly exaggerated rate of 2.5 Ibs ae/acre {2.80 ky/ha)
comprised 50-53% of the TRR. An additional 29-32% of the seed TRR was characterized as
racdioactivity incorporated into natural plant constituents (biomolecules), primarily hemiceliulose
and protein. Residues found in seeds were as follows:

»  DOSA glucoside 8 constituted 12% and 15% of TRR in the PRE-T and POE-T seed,
respectivaly.

«  DOCSA HMGglucoside 11 represented 9 and 10% of TRR,

» DCSA 22 was a minor component of the seed residues (<1% of TRR each in PRE-T and
POE-T seed).

s The sum of DUSA and its glycosides constitutes 21-25% of the TRE in the seed of pre-
and post emergence applications,

= DCGA malonylgiucoside 8 constituted ca. 5% of TRR in both the PRE-T and POE-T
seed.

+  DOGA glucoside 3 was also present in the seed constifuling 1.8 and 2% of TRR in the
PRE-T and POE-T sesd, respeciively.

MRID 47899323/00P 384422 PMRA No. 1894536
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» The sum of DCGA and its glycosides constitutes 6% of the TRR in the seed of pre- and
post emergence applications.

# A polar material was characterized as sugars 1 representing 8 and 9% of TRR in PRE-T
and POE-T seed, respectively.

Dicamba 23 was detected at <1% of TRR each in PRE-T and POE-T seed.
Other significant extractable seed residues, present in the oil fraction, were triglycerides
{14% and 11% of TRR in PRE-T and POE-T seed, respectively).

s The sead residues in sugars, triglycerides and other biomolecules are presumed fo
result from uptake of “CO, from metabolism of dicamba in the soil, and possibly by
metabolism of dicamba to "CO, and/or other small molecules in the plant, and
incorporation into plant natural products through normal metabolic processes.

it was also concluded that while the amount of DCSA glucoside found in forage and hay was
sharply reduced in seeds (from 80-75% in forage and hay to 12-15% in seed), the amount of
DCGA, its glycosides and other conjugates increased in the seeds (6-7%) compared to forage
and hay (2-8%) indicating transformation of DCSA into DCGA in the plant metabolic process. it
is understood that DCGA and its conjugates are formed by the hydroxylation of DCSA as a
result of the alternate metabolic route. The amount of DCGA | its glycosides and other

conjugates may increase depending on the conditions favoring its formation.

MRID 47899523/DP 384422 PMRA No, 1884536
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Figure 6.2.1.1-1 Proposed Pathway for the Metabolism of Dicamba in Dicamba-Tolerant

Soybean
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Bovbean Residues Snahvtical Methad

Analytical standards

1. Dicamba
Comunon name
CAR ¥

CAS name
AL name
Purity

2. S-Hydroxydicamba
Common name

CASB#

CAS name

IPAL nams

Putity

3. DOsA
{gmmon names
CAG#

CAS name
IIPAL name
Purity

4. DOGA
Common name
CAS #

CAS name
IUPAC name
Purity

internal standards
B eDicamba

Cﬁ«amﬂydrnxydwamba
PoaDUSA

P DG

Analyzed samples

4.1 Analytical standards and samples

Dicamba

1818-00-8

Benzoic acid, 3, 6-dichioro-2-methoxy-
3. 8-dichioro-o-anisic acid

»85%

S-hydroxydicamba

THOO-50-2

Benzoic acid, 2,5-dichioro-3-hydroxy-8-meathoxy-
2, 5-dichloro-3-hydroxy-6-methoxybenzoic acid
=05%

3,8-dichlorosalicylic acid

3401-80-7

Benzoic acid, 3,8-dichioro-2-hydroxy-
3. B-dichlore-2-hydroxybenzoic acid
>85%

3. B-gichiorogentisic acid

18888-01-2

Benzoic acid, 2,5-dichloro-3,8-dihydroxy-
2 .5-dichloro-3,B-dihydroxybenzoic acid
»85%

3,8-dichioro-2-methoxybenzoic-1,2,3,4,8 8- acid,
CAS # 1173023-06-7

2,5-dichloro-3-hydroxy-8-methoxyberizoic-1,2 3.4.5 8- °Cy4 acid

3.B-dichlorn-2-hydroxybeanznl ic1,2.3.4,56 Cg acid,
CAS #1173018-34-5
2, B-dichioro-3 G-diwdroxybenzoic- 23458 {3»@ avid

RAC: soybean forage, hay and seed

Processed:  soybean hull, defatted flour, toasted defatted meal, protein isolate, protein
concentrate, crude lecithin, degummed ofl, refined bleached deocdorized
{RBD) ofl, soymikk and tofu.

MRID 4780950 1/DP 384432

PMBRA No: 1894495
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The method “Analytical Method for the Determination of Dicamba and its Major Melabolites in
Soy Matrices by LO/MS/MSE™ { HA 4.3/1) was designed for quantitative analysis of dicamba and
its metabolites B-hydroxydicamba and conjugates of 3 6-dichlorosalicylic acid (DCSA) and 3,6
dichlorogentisic acid (DCGA), {the latter two are analyzed as their respective acid hydrolysis
products in dicamba tolerant sovbean.

Tabie 4.2-1  Summary Parameters for the Analytical Method Used for the Quantitation
of Dicamba and s melabolites in Soybean Maltrices

Method 1D AG-ME-1321-11

Analvtes Dicamba, §-0H dicamba, DUSA DOGA
Extraction solventsftechnigus ACNHO (40:80) followed by agid hydrolysis
Cleanup strategies LL partitioning

instrument/Detector ESt LC-MS/MS in the negative lon mode
Standardization method External standardization with standards injectad

with each calibration set. Additionally, analyte-
specific “Ce-labeled internal standards were used
o sompensate for malniy effegls,

Stability of standards Stable in solvent for 201 davs

4.3 Residues in and/or on plants, plant products, foodstuffs
(of plant and animal origin), feedingstuffs

Reports:

HA 4,31 MRID 47809501, PMRA No. 1884485, Foster, J.E., Mierkowski, M. and Miller,
W.J. (2010} Analytical Method for the Determination of Dicamba and its Major
dMetabolites in Soy Matrices by LOMBMS. Monsanto Report No. MSLOG22881.

Ha 821101 MRID 478298523, PMRA No. 18945836, Miller, M.J. and Mierkowski, M.J. (2010).
Metabolism of Dicamba in Dicamba-Tolerant Soybeans. Monsarto Report No.
MSLO022658.

HAG.3.1.2/1  MRID 47898524, PMRA No. 1894534, Moran, §.J. and Foster, J.E. (2010).
Magnitude of Residues of Dicamba in Soybean Raw Agricultural and Processed
Commaodities after Application to MON 87708, Monsants Report No.
MELODZ2EE,

Guidelines: US EPA OUSPP 880.1340 Residue Analytical Method; OECD Saries on Testing
and Assessment No. 72, Series on Pesticides No. 38, Guidance Document on
Pesticide Residue Analytical Methods, 2007 PMRA DACC 7.2.4

GLP: Signed and dated Good Laboratory Practice (GLP)}, Quality Assurance and Data
Confidentiality statements were provided.

Acceplability: Under the conditions and paramsters used in the study, the analvtical method is
suitable for data collection of residues of dicamba and its metabolites 5-hydroxy
dicamba and DCSA in dicamba-tolerant soybean. Determination of DCGA s
however questionable and may nat be suitable using the current method due o

MRID 4789930 1/DP 384422 PMRA No: 1894455
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poor recoveries oblained when spiked directly to the malrix as well as
inconsistency with radio-validation at low levsis.

Principle of the Method

The analytical method incorporates an acid hydrolysis step which converts conjugates of 3.8~
dichiorosalioylic acid {(DCSA) and 3 6-gichiorogentisic acid (DCGA) e their respective non-
glvcosidic hydrolysis products; DOSA and DCGA. The method converts the metabolites DUSA
glucoside, DCSA HMGglucoside, and DCSA unidentified conjugates and reports the sum as
DCSA in addition to any free DCSA present. Similarly, the metabolites DUGA glucoside, DCGA
malonylglucoside, and unidentified DCGA conjugates are reported as DCGA. These analytes
along with dicamba and 5-hydrogydicamba are detected and quantitated by turbo ionspray
ionization liquid chromatography-tandem mass spectrometry in the negative ion mode. Analyte-
specific "*C-labeled internat standards were utilized in the method to compensate for matrix
effects in the LOMMB/MS analysis and method procedural losses. The residues are caloulated as
ugfg, pom. Structures of the analyles and internal standards are shown in Figure 4.3.1-1 and
4.3.1-2.

Soyhean matrices are extracted using 40:80 {volumelvolume] acetonitriie:waler, An aliquot of
the extract is hydrolyzed in 1N HOL at 85 °C in a water bath, The hydrolysate is partitioned with
40:80 {volume/volume) ethyl acetateisooctans and the organic phase is partially concentrated
under vacuum. Waler is then added o the organic phase, and the sample is further
concantrated under vacuurm until only the agueous solution remaing, The agueous solution is
filterad, acidified and analyzed by LO/MEME with turbo lore-spray onization in the negative ion
mode to quantitate dicamba, S-hydroxydicamba, DCSA and DCGA. Minor preparation
modifications were used for the processed fofu and lecithin such as specific dilution pafterns,
The radio-validation, which demonstrates the extraction efficiency and recovery of the method,
was conducted using soybean hay and seed samples from the study, "Metabolism of Dicamba
in Dicamba-Tolerant Soybeans” (1A 8.2.1.1/1} in which [*Cl-dicamba was used as the test
substance.

Recovery Findings

Results obtained for dicamba, S-hydroxy dicamba, and DCSA in sovbean forage, hay, seed and
processed fractions {soybean hulls, defatted flour, toasted defatted meal, protein isolate, protein
conventirate, crude lecithin, degummed off, refined bleached deodorized (RBD) oll, soymilk and
tofu} were generally within the acceptable range of 70-120% at fortification levels ranging from
0.010 10 2 nglyg. Recoveries of DCGA and the internal standard “Ce-DCGA were found to be
poor when these analytes were spiked directly onto hay and forage as well as when the
analytes were spiked into 2 container containing matrix and exiraction solution, The registrant
proposed spiking DUGA and PC.-DCGA into the 10 mb extract after separation from the matrix
to overcome this issue. The procedure’s approach to overcome the poor recovery of DCGA and
its labeled internal standard does not guarantee the extraction of incurred residues of DCGA
and iz not in accordance with OCSPP Residue Chemistry Guidelines B80.1340 or with PMRA
Reqgulatory Directive Dir88-02 (Section 3.2.2). Recoveries of S-hydroxydicamba were 64 and
B87% at 0.005 and 0.01 ppm fortification levels, respectively in soybean seed. In defatied flour,
recovery of S-hydroxydicamba was also below acceptable limits and was 31% and 64% at
fortification levels of 0.01 and 0.02 ppm respectively. Recovery of DCGA, when spiked to the
extract and not to the matrix, was 88% at 0.005 ppm fortification level in soybean hay and 84%
at 0.01 ppm fortification level in RBD ol Recovery rasulls are presented in Table 4.3-1.

MRID 4789930 1/0P 384422 PMRA No: 1894455

ED_005172C_00001759-00076



Monsanto Company Dicarnba {3.8-dichloro-2-methoxybenzoic acid) Paged of 9
Sovbean Residue Analytical Method

Linearity

Calibration standard curves for each analyte were generated from reference standard solutions
over a concentration range of 0.0005-0.50 ug/ml by plotting the ratic of the peak areas of the
analyte and internal standard against the analyte concentration. A weighted (1/analyte
concentration} quadratic curve was used to fit the calibration data. The correlation coefficient (r}
for calibration curves generated during the validation phase was acceptable (s0.9992) for alt
analytes in all sets.

Specificity

The use of mass spectrometry (MS) with multiple reaction monitoring (MRM) provide a specific
methad for the determination of the residues of dicamba as well as the metabolites 5-
hydroxydicamba and the conjugates of DCSA and DCGA (determined as their respective acid
hydrolysis products). The extraction of DCGA by acetonitrile:water {40:60) from forage and hay
matrices was not specific. Stable fabeled isotope |1Ss were used to correct for matrix effects.
There are no interferences from the pesticides 2 4-dichiorophenoxyacetic acid (2,4-D) or 2,4-
dichlorophenylacetic acid, which have the same precursor ion as dicamba and DCSA,
respectivaly.

Limit of Quantitation

The limit of quantification (LOQ) is defined as the lowest concentration at which an acceptable
recovery is obtained. The lowest level of method validation (LLMV) was 0.005 ppm for sach
analyte in soybean forage, hay and seed and was 0.01 ppm in'soybean processed samples.
L.OQs were also determined statistically by the study authors for all four analytes in soybean
matrices.

Repeatability

The relative standard deviations for recovery {(accuracy) results at the 0.01 pg/g fortification
level {near the LOQ for each analyte in each matrix) ranged from 2.9% to 9.5% forforage, hay
and seed. Althe levels tested (0.005, 0.010, 0.020 and 0.10 pg/g), RSD values were generally
less than 20%. Limited repeatability data were obtained for processed fractions which could not
be calculated due to insufficient number of replicates at several fortification levels. The
precision data obtained during validation demonstrate that the method has satisfactory
repeatability in soybean forage, hay and seed.

Reproducibility

Based on the performance of the method, reproducibility is expected to be good for all analytes
except for DCGA.

Confirmation of the identity of residues

The results of endogenous method validation (radio-validation) (reference 1A 6.2.1.1/1) showed
that the method accounts for dicamba residues and its metabolites 5-hydroxydicamba and
DCSA in hay and seed of dicamba {olerant soybean. It is expected that the method similarly
accounts for the dicamba residues and its metabolites in soybean forage. The results showed
that the average overall recoveries of radioactivity through the method, including the extraction,
hydrolysis, partitioning, evaporation and final filtration steps, were 62.9%, 64.3% and 25.5% for
PRE-T hay, POE-T hay and POE-T seed, respactively. The largest losses of radivactivity in the
method were in the partitioning step. Average recoveries from the partitioning step were 74%
for the hay samples, and 58% for the seed sample.

MRID 4789950 1/DP 384422 PMRA No: 1854495
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Average extractabilities for the analytical method were comparable to the extractabilities
obtained in the metabolism study, except for DUGA at levels of 0.025 ppm in POE-T seed and
0.032 ppm in PRE-T hay {Tables 4.3-2 and 4.3-3).

Confirmation of the identity of residues was achieved by comparison of the retention imes of
the radivactive peaks to those of corresponding reference standards, which demonstrated that
DCSA, DCGA and dicamba were the only significant radicactive components of the final analyte
solutions and that the metabolite S-hydroxydicamba has not been detected. DCSA was the
major component in all three samples, constituling 89.71%, 78.50% and 63.58% of the
radicactivity in the final analyte solutions for PRE-T hay, POE-T hay and POE-T seed,
respectively. Together, DCSA, DCGA and dicamba constifuted 96 18%, 86.54% and 88.82% of
the PRE-T hay, POE-T hay and POE-T seed HPLC profiles, respectively. The results obtained
are summarized in the Table 4.3-3.

Conclusion

The analytical method described converts, by acid hydrolysis, DCSA and DOGA conjugates
present in commaodities of dicamba-treated soybean to DOSA or DCGA, respeclively, These
analytes along with dicamba and S-hydroxydicamba are quantitated by LOME/MS in the
method. The analytical method met validation acceptance criteria (70-120% recovery "acouracy”
and R8D= 20%) at the majority of tested fortification levels ranging from 0.005 to 2 ng/g. The
1.OQ, defined as the lowest concentration at which an scceplable recovery is obtained, or LLMV
{lowest level of method validation) for the four analytes in soybean forage, hay and seed was
£.005 ppm and was 0.01 ppm for soybean processed samples.

The results of endogenous method validation {radio-validation) showed that the average overall
recoveries of radioactivity through the method, including the extraction, hydrolysis, partitioning,
evaporation and final filtration steps, were 62 9%, 64.3% and 25.5% for PRE-T hay, POE-T hay
and POE-T seed, respectively. The largest losses of radioactivily in the method were in the
partitioning step. There was generally good agreement between the LC/MB/MS quantitation
resulls and actual residue levels except for the case of low-level DUGA seed residues,

The analytical method is sultable for use as an accurate means of quantifying dicamba and its
metabolites, 5-hydroxydicamba and 3,8-dichiorosalicylic acid (DCEA) in soybean raw
agricultural and processed commodities. There were evidence of poor recovery and
discrepancies between the recoveries of the method and radio-validation for 3,6-dichlorogentisic
acid {DCGA)Y, which suggests that the method may not be suitable for the determination of
DCGA
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Table 4.3-1: Recovery (Accuracy) Results from Method Validation of Dicamba and
Metabolites in Soybean Matrices

#flean Percent Accuracy {% RSD)

Matrix Fortification Number | 5-Hydroxy-
‘ Levet (ug/g) of Tests | dicamba DCGA posA Dicamba
{0 {Controly* 7 MD** <{1.001 ND ND
0.005 7 63.7 (11.1) 88.0 {854} 1074518} 103 (7.35)
Seed .01 7 66.9(8.19) 95.9 (2.88) 106 {3.55) 99,8 (5.85)
‘ 0.02 7 71.3(6.83) 974 {3.52) 105 (2.39) 97.9{4.81)
.1 7 102 {2.25) 101 (2.76) 104 (2.12) 87.1{2.87)
2 2 104 877 897.3 87.8
O {Controf) 7 N <(3.001 ND ND
0.005 7 774 {B.73} £88.4 (2.69) 97 .4 {4.55) ND
Hay .01 7 0.0 {8.87) 82.8 (3.0 108 {2.94) 86.3 {6.58)
0.02 7 84.0{8.13) 90.5 (1.82} 108 (2.01) 95.9 (10.8)
0.1 7 102 {3.84) 100 {3.88) 07 (2.78) 105 (4.05)
2 2 859.8 80.0 88.0 72.5
0 (Control) 7 ND 0.0014 ND ND
0.005 7 97.9 (7 .49 72.6 {557) 102 {5.22) 105 (8.30)
Forage 0.01 7 98.3 (4.60) 80.9 (3.10) 11047.75) | 101 (8.45)
.02 7 99.8 {3.52) 88.0 (2.7 108 (2.42) 100 {5.83)
0.1 7 108 (.43 20.0 (251 106.(3.36) 105 (.11}
2 2 895.8 87.4 88.5 2.8
0 {Control) 3 <(.008 <0.005 <(.005 ND
.01 2 74.4 78.4 115 92.5
2.02 4 74.8(15.3) 86,2 {8.3%) 109 {1.42) g2.8{6.80)
Hulls 0,05 3 74.8(28.3) 88.3{13.0} 104 (8.09) 96.1 {3,813
0.2 1 100 86.8 89.5 96.5
0.4 2 91.6 0.8 g8.3 101
1.5 4 101 87.9 97.9 106
0 {Control} 4 0.007 <(.005 <{.005 <(.00%
0.01 ' 2 31.0 83.0 102 78.3
0.02 2 64.4 899.9 98.2 78.2
. 0.05 1 84.3 84.8 103 96.3
Defatted Flour 145 i 575 91.0 94.0 94 1
0.4 3 99.4 (2.57) 96.0 (6.10) 104 {7.11) 103 (5.82)
2 2 93.5 877 89,2 g81.9
3 1 98.5 £96.3 92.3 7.8
0 {Control) 3 <0 005 <0 008 <(). 008 ND
0.01 2 70.7 81.8 924 88.7
Toasted 0.02 4 866 {10.8) 92.8(7.42) 105 (11.8) 97.5 (5.42)
Nefatted Meal 0.05 3 88.5 (5.74) 82 0 7.85) 107 (7. 70) 82.8{10.8)
0.2 1 101 8a.2 101 894.0
0.4 2 85.7 2.9 102 98,7
1.5 1 95,3 104 93.8 88.0
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kMonsanto Company Dicambs (3, 6-dichioro-2-methosybenzoie acid} Fage T of B
Sovbean Residus Analviicsl Method
Meaan Percent Accuracy (% BSDY
Watrix Fortification | Number | S-Hydroxy.
‘ Level {pofg} | of Tests | dicamba DCGA DLSA Dicamba
O {Control) 4 WD {3,085 =3, 008 ND
; 8.1 2 28,8 783 594 80.5
§?§Z’f§ " 0,02 2 94 1 829 547 87 1
Isolate &4 2 897.7 8g.2 827 81.7
&8 2 880 3.5 100 B7 1
1.5 4 101 587 2.8 B8.1
£ {Gontrol) 3 ND <0005 <), 005 ML
0.01 2 807 827 95,3 81.0
Soyoean 609 ; 848 89.2 03 50,1
Concantrate 0.2 1 106 87,1 105 a0,
' 0.4 2 100 45.8 97.3 114
1.5 1 105 893 808 84 .3
1 {Controly B <3, 005 WD <. 005 (). 005
Sovhean [y 3 84.1{7.8% T13{7.54) 938 (4.9 8350180
Srude 0.2 3 88.9 (4.05) TREB {204 e TEAR 1 B8 010N
Lecithin 0.4 2 107 908 107 107
2 2 103 101 108 107
OiControl) 4 <03, 005 {3, (08 «{} (5 N
Soybean .0 3 84 9 {24853 T8 14,8 250 { 319 | BBA {B.ﬁ?}
Degummed 0,02 2 §7.7 122 FTEE{I88) 9812420 | B3ISIB1E
G £8.05 2 83.7 ‘ 82.2 101 86 8
0.4 3 99,3 {8.38) 925 (7.20) | 104(349 | 9850121
2 2 101 108 g9.4 103
O {Gontrol 4 «{3 (05 <(3.005 <005 <{3. 005
Soybean £.01 3 804 (965 SR80 95 1 0103 889430
Refined 0.0 3 88.7 {7.48) T3.2 (7.98) 98.2 {5.38) B7E18m
Bleached 0.08 2 100 78.3 8.2 1.1
Deodorized 0z 1 a0 g4.5 847 108
{RBDY O 0.4 3 102 {8.76) G0 418 28 103 (4.64) 104 18.32)
2 2 100 103 107 162
O (Controh 4 <{3, 005 <(3.005 WD HND
0.0 3 83,5 {1.52 726 (4.58) 101 (5.1 85,1 {6.28;
.02 3 88.9 (7.30) B3.3{0.58) 103 (B.58) 95.2 {(11.8)
Soymilk 008 2 94.5 26.5 104 83.9
0.2 1 B7.5 147 105 84.0
04 3 924 {238 BY 8 {7.92) 4.1 15 .88) 80.7 (118
2 2 824 85,2 497 B 777
0 {Control) 2 <3005 <(. 005 1) ND
.09 2 827 77,8 108 777
D02 1 98 4 TEZ gty B80S
Toku 008 i 100 828 103 808
0.2 1 44,7 858 91.6 7.6
0.4 3 24.5 {11.7} 85.7 (11.8) 82.5 (13.4) 1.2 (16,3
1.5 i B2 83.3 0.8 51.1
*Walues reported fr unspdiad controd samples ars uglg

¥ = notdetecied in any sample
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Table 4.3-2: Comparison of the results (% recovery} obtained with respect to recoveries
obtained in endogenous method validation {radic-validation} and in the metabolism

study
Matrix Results frzgy dn;etabcissm Recovery corrected method
(% TRR)* accouniability
PRE-T hay 90.9 894.7
POE-T hay 95.3 94.2
POE-T seed 55.3 48.1

“Wahues were obtained from Table 8.2.1-3 if section 6.2.1.1 Metabolism, distribution and expression of residues in

soybean,

Table 4.3-3: Comparison of the results {(ug/g, ppm) obtained with respect to recoveries
obtained in endogenocus method validation {radio-validation} and in the metabolism

study
Metabolite Radio-validation
Gluantitation Analysis {yg/g, ppm)™
Sample Metabolite/Analyte | {(pg/g, ppm})”
DCGA (.032 0.068 (0.088, 0.067)
PRE-T Hay DCSA 0.862 0.863 (0.878, 0.849)
Dicamba 0,012 0.016 (0.015, 0.016)
DCGA 2.28 2.44 (2 59, 2.29)
POE-T Hay DCSA 28.0 27.7 (25.1, 30.3)
Dicamba 4.88 3.74 {4.30, 3.18)
DCGA 0.025 0.005 (0.007, 0.004)
POE-T Seed | DCSA 0.099 0.088 (0.090, 0.085)
Dicamba 0.003 Not Detected

* DOGA values are mainly the sum of DOGA glucoeside and DCGA malonylglucoside; DCSA values are mainly
the sum of DCSA glucoside, DOSA 3-hydroxy-3-methylgiutarylgluceside and fres DOSA as determined inthe

soybean metabolism study final storage stability profiles.
* fverage of duplicate sample analyses {values in parentheses are the results for the individual replicates).

PRE-T = pre-ermergence freated; POE-T = post emergence reated.
All values are dicamba equivalents.
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Figure 4.3-1; Analyte Structures
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Figure 4.2-2; Internal Standard Structures
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